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FUMES AND GASES IN ARC WELDING 


ERIK THRYSIN, Ch.E. 
GIDEON GERHARDSSON, 
AND 
SVEN FORSSMAN, M.D. 
STOCKHOLM, SWEDEN 


HE HEALTH risks from the fumes and gases evolved in are welding are 
of the greatest significance to the welder. On a number of occasions the 


Swedish Institute of Public Health has been concerned about these risks and has, 
among other things, studied closely the reSults of investigations that have been 
carried out in other countries. The development of the Swedish electrode market 
has, however, made it necessary to carry out an extensive investigation of welding 
work in Sweden in which our electrodes are used. In Sweden the use of basic ' 
electrodes during the last 10 years has increased greatly in importance. For this 
reason the hygienic problems in welding are in part different from those elsewhere. 
Except in countries close to Sweden, other types of electrodes are still the most 
used. It may be pointed out that the use of basic electrodes for welding mild steel 
may still be considered to be restricted to northern Europe. 


Following representations by employers, workers’ organizations, and industrial 
inspectors, the National Institute of Public Health at the end of 1948 commenced 3 
an investigation of the health risks associated with welding operations. This 
investigation has been both technical and medical in nature. In this article the 
results of fume and gas analyses carried out as part of the project will be discussed. 

Fume and gas samples have been taken and analyzed during welding tests 
carried out in a testing tank with electrodes commonly used under various working 


conditions, various current strengths, different types of metal, various atmospheric 
conditions, etc. Greatest consideration has been given to hand welding with joint- 


welding electrodes for mild steel, but various types of special electrodes, such as 
those for stainless steel, bronze, and monel* metal, have also been investigated. 
Fully automatic welding with continuous electrodes and semiautomatic welding 
with hand electrodes have also been studied. For each electrode type, the brands 
most commonly used in Sweden have been considered and were purchased in 
general stores. Altogether about 3,000 electrodes were melted down during the 
tests. All the welding was carried out by industrial welders. 


TESTING ARRANGEMENTS 


The testing tank, the external appearance of which may be seen in Figure 1, has a capacity 
of 20 cubic meters. In addition to two manhole covers in the roof, it is fitted with a larger 
cover, which permits the introduction of bulkier equipment such as automatic welding machines 
From the Swedish Institute of Public Health. 
1. Basic here refers to the coating of the electrodes. 
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\n imspection window 40 by 60 cm. is provided in the front of the tank, together with connec 
tions for drawing in fresh air. The tank is also provided with an opening for leading in welding 
cables and the like. A special sampling room, containing the sampling apparatus and exhaust fan 
is arranged at the back of the tank (Fig. 2). 

\ welding table of the ordinary type is installed in the testing tank. Suction takes place 
through a movable hood (Fig. 3) located close to the welding point and connected by a 10-cm 
pipe to the exhaust fan in the sampling room. After various trials, a hood of suitable size was 
designed. The inlet opening is rectangular, and the edges inside the hood are rounded. The inlet 
opening can be varied by means of a detachable flange. The size of the inlet opening and the 


rate of flow necessary for complete withdrawal of all fumes and gases from a given electrode 
were first determined. In these tests, endeavors were made to obtain the lowest air velocity 
that would climinate slag admixtures in the fume samples and would reduce the ratio between 
the total quantity of air drawn through the apparatus and the air taken out during fume tests 
Thus we increased the accuracy with which the weight of the fumes per electrode could be 
calculated. The air velocity was measured by means of a Pitot tube, of the Haenni type, in the 


Fig. 1.—Exterior of the testing tank; at right, a field laboratory. 


exhaust pipe, calibrated against an industrial gas meter. The Pitot tube proved to be robust 
ind was entirely satisfactory 

Where not otherwise stated, the welding current was direct current and was supplied by 
a converter of ESAB 2 make, type K 400. Tests were also carried out with alternating current, 
using electrodes of larger size. For the alternating current tests a set for semi-automatic 
welding with hand-welding electrodes, also of ESAB manufacture, was employed. As examples 
of fully automatic welding, a number of tests were made with an automatic welding machine 


Taking Samples From the straight part of the suction pipe between the hood and the fan 
samples of fumes and gases were withdrawn through a glass tube, inserted at right angles t 
the suction pipe in the center of the latter and connected to the sampling apparatus and suction 
pump. It was found that the fumes were evenly distributed in the suction pipe and that there 
was no risk of slag being entrained at the velocities employed. 

2. EFlektriska Svetsningsaktiebolaget, Sweden. 

3. Tebbens, B. D., and Drinker, P.: Ventilation in Are Welding with Coated Electrodes, 
J. Indust. Hyg. & Toxicol. 23:322, 1941. Drinker, P.: Personal communication to the authors, 
1948. 
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of the exhaust fan. 


Fig. 3.—Interior of the testing tank with welding table and exhaust hood. 
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The diameter of the glass tubes through which the various samples were drawn was so 
selected that velocities in the tubes approximated closely the velocity in the large pipe. The 
quantity of air drawn in sampling was measured by a dry-gas meter, and readings were cor 
rected for pressure drop. The quantity of smoke or gas developed by a given electrode was then 
calculated, using the time taken for completely melting down the electrode and the fraction 
of the total quantity of air evacuated which the collected quantity represented. 

Three different methods were employed for collecting the solid fume particles: impinger, 
electric precipitator, and filter paper. The last-mentioned was usually employed for samples 
for chemical analysis. 

Among the gases formed during are welding, nitrogen oxides, carbon monoxide, and gaseous 
fluorine compounds are of chief interest from an industrial hygiene point of view. The quantity 
of these gases occurring was therefore investigated especially. When tests were carried out 
in the closed tank, the oxygen and the carbon dioxide content of the air were determined during 
the progress of the work. 

The nitrogen oxides were sampled by two methods in continuous collection by absorption 
in wash bottles and collection by means of gas pipettes. In the first method, after the solid smoke 
particles had been separated out in a filter of glass wool, the gases were drawn through a series 
of wash bottles containing 0.1 N sulfuric acid to which hydrogen peroxide had been added. The 
sampling rate was kept at 100 to 200 ml. per minute. However, it was not possible with this 
method to obtain complete absorption of the nitrogen oxides, and comparative tests with simul- 
taneous collection in gas pipettes showed that the yield was relatively low. Alkaline absorbing 
solutions were also tried, with similar results. For this reason, glass pipettes with stopcocks at 
each end were used. 

For collection by the second method, a 700-ml. glass pipette was connected up in place of the 
wash bottles. During the welding tests air was drawn at a uniform and relatively low rate— 
about 500 ml. per minute—through the pipette until the air had been changed completely. With 
this arrangement, however, it was not possible to obtain an exact measure of the total quantity of 
gases formed, as had been done with continuous collection, but only a momentary value. The 
figures given below are mean values, however, which are based on several different tests and 
should approximate the total quantities formed fairly closely. After the sample was collected, 
the gas pipette was cooled, 20 ml. of the absorption solution was introduced and the pipette 
shaken for 20 minutes. To ensure complete absorption of the nitrogen oxides present, the pipettes 
were set aside for at least two hours—usually considerably longer—before the solutions were 
transferred to small glass flasks, which were then sent to the laboratory for analysis. The 
absorption solutions employed were 5% KOH and 0.1 N HaSO,v The former was used for 
NO, determinations according to the Griess-llosvay method, and the latter for determining 
total quantity of nitrogen oxides, as nitrates, after oxidation with hydrogen peroxide. 

Gaseous fluorine compounds were collected in impinger flasks containing 1% NaOH and 
connected directly behind the electric precipitator. The suction rate was maintained at about 
5 liters per minute (LPM). 


ANALYSES 


The fumes and gases were analyzed for constituents of possible toxic significance. 


In order to obtain information concerning the substances present in the particulate 
fumes collected, the fumes were first analyzed spectrographically, and were then 
subjected to a chemical analysis of the basic substances not detectable by spectrog- 
raphy. The approximate amounts of each constituent could then be estimated. 


When a suitable procedure for the chemical analysis was being worked out, 
synthetic mixtures were prepared with a composition corresponding to that of 
the welding fumes. 


Analysis of Fume Samples.4A—The fume sample, which was usually available as a deposit on 
an analytical filter paper, could in most cases be incinerated directly in a platinum crucible, 
provided the incineration took place at a temperature below 600 C. The samples containing 


4 Gerhardsson, R.: Personal communication to the authors, 1950. 
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fluorine, however, showed a tendency to lose fluorine even at this temperature. Fume samples 
of this kind, as well as those from unknown types of electrodes, were carefully removed from 
the filter paper and dried to constant weight at 110 C. prior to analysis. The fumes, excepting 
those from welding stainless steel, were soluble in mineral acids. The stainless steel fumes had to 
be treated first with alkali carbonates. The analytical methods employed will not be discussed 
in detail but will be supplied to anyone interested. Lron was determined by titration with ceric 
sulfate in the main part of the tests. In the case of fumes of low titanium content, titanium was 
determined colorimetrically with hydrogen peroxide in sulfuric acid solution. For higher titanium 
a contents (> 10 mg. TiO:), the iron-titanium solution was treated in a cadmium reducer and the 
reduced solution titrated with potassium permanganate, giving iron plus titanium. The latter 
was then obtained by difference. For determining large amounts of fluorine, a modification 
of the Berzelius method was employed. The fluorine was precipitated as lead chlorofluoride, the 
precipitate dissolved in nitric acid, and the chlorine, equivalent to the fluorine, was determined 
by the Volhard method. For small amounts a method was used in which after acidification with 
sulfuric acid the fluorine in the form of silicon tetrafluoride was steam-distilled from the sample 
(Willard-Winter). The fluorine in the distillate was determined by colorimetric titration o1 
direct colorimetry with thorium nitrate and sodium alizarin sulfonate. 

Analysts of Gas Samples4*—Nitrogen oxides wert determined in the majority of samples by 
the phenol disulfonic acid method. Certain determinations were also carried out with the Griess- 
llosvay reagent, and some gravimetric estimations were made by precipitation with nitron 
acetate. 

The gaseous fluorine compounds which were absorbed in sodium hydroxide were steam- : 
distilled and determined as described. 5 

Oxygen and carbon dioxide were determined with the micro-orsat apparatus of the Haldane- i 
Enghoff type.° 


‘arbo: onoxide suction pipe was determined with an A.* carbon monoxide 
Carbon monoxide in th t let 1 witl M. S. A.‘ l nonoxid 


indicator. During the welding tests in a closed tank the air samples were collected in rubber ; 
bags and were subsequently analyzed in the iodine pentoxide apparatus. . i 
Accuracy of the Analyses.A—The chemical analyses were made in duplicate. With the amounts ; 
that have been used for the determinations, the maximum error may be expected to be from ; 
+ 0.1 to 0.3 (for SiOs, 0.4) and from 0.02 to 0.05 when results are given to two decimal places ; 
The CO analyses are accurate to + 0.001. The sensitivity in the case of F (gaseous com- b 
pounds) and NQ, is about 0.002 mg. i 
TYPES OF ELECTRODES USED IN) ARC WELDING 
In are welding, the electrode wire and the required amount of the material to : 
be welded—the base metal—are brought into the fused state through the medium of ; 
the arc between the electrode point and the base-metal material. The voltage and : ‘ 


current strength vary according to the type and the dimensions of the electrode. In 
manual welding, the voltage is comparatively low, 20 and 35 volts, when welding 
is done with the most commoniy used electrodes. The voltage when the machine is 
idling is between 60 and 80. The amperage varies considerably with the diameter 
of the electrode, but with rods up to 5 mm. in diameter, it does not exceed 300 amp. 
The temperature of the are is very high. In welding steel with coated electrodes, 
temperatures of 5,000 to 6,000 C. have been recorded.’ 

Both direct and alternating currents are used in welding work. 

The welding rods used may be of different kinds: bare, thinly coated, and 
heavily coated. The characteristic feature of coated electrodes is that the core wire 

5. Enghoff, H.: Apparat zur Gasanalyse, Acta med. scandinav. Supp. 170, p. 307, 1946 

6. Mine Safety Appliance Co., Pittsburgh. 
7. Hummitzsch, W.: Vorgdange im Lichtbogen von Mantelelectroden, IMST, Leoben, 1950 
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is covered by dipping or extrusion with a coating, which in the case of heavy coatings 
amounts to 20 to 30% of the diameter of the wire. Practically all are welding 
nowadays is done with heavily coated rods, and for this reason only this type will 
be dealt with. 

The coating serves various purposes. By varying the composition of the 
material used, the electrode can be given distinctive properties. ‘Thus, certain 
components facilitate ionization in the are and _ stabilize it, while others form 
protective gases to screen the are and the welding zone from the influence of the 
surrounding air. The coating may contain various alloys. In the molten state the 
coating forms a slag, which not only provides protection but also helps to purify 
ind to flux the metal bath and to reduce the cooling rate. 

\s examples of compounds that often are present in the coating, oxides of 
various metals and metalloids, hydroxides, carbonates, silicates, fluorides, and others 
may be mentioned. Organic addition also occurs. 

(on the basis of the general composition of the coating, the electrodes may be 
divided into different main types. In less essential respects the composition may 


| 
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big. 4.—Sale of different electrode types for welding mild steel in the Swedish electrode 
market up to the year 1951 


vary for different brands, but the basic properties of electrodes of the same type are, 
on the whole, identical. The various types of electrodes can be classified as oxidiz- 
ing, neutral, acid, rutile, and basic (lime-fluoride ). 

Oxidizing, or dead-soft, electrodes have a coating that has an oxidizing effect 
on the deposit, which, inter alia, makes the carbon and manganese contents of the 
weld lower than those of the parent material. This type now has very limited 
use in Sweden 

Neutral electrodes (with a coating having a high content of iron and manganese 
oxides and silicates) give the weld a composition which conforms closely with that 
of the material of the core itself. Metallurgically considered, the slag is neutral. 
Neutral electrodes are rapid and easy to weld with and were previously used 
most extensively in Sweden. 

\cid electrodes possess, on the whole, the same properties as neutral electrodes 
but leave an acid slag. The silicic acid content of the coating is comparatively high. 
This type of electrode is used to a considerable extent on account of its good 
welding properties. 
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Organic electrodes of the rutile type are used as all-purpose electrodes for steel 
up to 448.5. The coating contains appreciable amounts of rutile, i. e., titanium 
dioxide, and certain organic additions, e. g., wood flour. 

Electrodes of the inorganic rutile type also are used, chiefly on stainless steel 
but also for joint-welding electrodes for common steels. In Great Britain and 
America the rutile and neutral electrodes are the dominating types. 

Basic, or so-called low hydrogen, lime-fluoride (lime-ferritic), type coating is 
now the most popular in Sweden. Such electrodes produce a clean weld, proof 
against cracks, and with excellent mechanical properties. They are the most insensi- 
tive to the composition of the material to be welded. The material in the weld is, 
in general, of approximately the same composition as the rod, though rods con 
taining alloys in the coating are used and serve to give an alloyed weld metal. The 
slag is basic, owing in part to the calcium compounds (chiefly calcium carbonate ) 


which are present in the coating. The coating also contains appreciable quantities 


of calcium fluoride as flux. The chart ( Fig. 4) shows the relative proportions of the 
various electrodes sold today in Sweden.” 


* 


WELDING FUMES 


The particulates in the fumes formed during electric welding are composed oi 
various volatilized substances from both the rod and the coating of the electrode as 
well as from the material in the metal welded. Chemically considered, the fumes 
consist for the most part of oxides of metals and metalloids. Sometimes they also 
contain various salts, such as fluorides and chlorides. 

As the composition of the fumes depends not only on the electrode coating but 
also on several other factors, it is difficult to set out any very general analytical 
data if the electrode type forms the basis of the grading. On the whole, the composi- 
tion of the fumes varies considerably with the welding conditions, as will be seen 
from the following discussion. An attempt to review the results obtained has been 
made by collecting together the analyses of fumes obtained when welding different 
metals. In general, the composition of the electrode core closely resembles the 
composition of the material for which the electrode in question is intended. The 
content of certain alloying elements in the coating is, of course, of another order of 


magnitude, but even their effect on the composition of the fumes can be predicted ' 


with considerable accuracy if one knows the most suitable field of use for the 
electrodes. 
The analysis of the fumes formed during the welding and the principal '’ analysis 
of the materials investigated are given below in the following order: 
I. Unalloyed and low-alloy steels 
1. Steel types St 37 to St 52 (mild steel) 
2. Chrome-molybdenum steels 


3. Chrome-nickel steels 


8. 44S is the Swedish designation for steel having a tensile strength Te = about 44 kp./mm.? 

S means that the steel is weldable. 

9. Ringdahl, K. A.: Welding Manual of the Sandviken Steelworks, 1952, Pt. 12. 

10. Svetsteknisk handbok I-II, Stockholm, 1947-1948. 
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Il. High-alloy steels 
1. Stainless steels 
2. Manganese steels 
II}. Some common nonsteel material 
Cast iron 
2. Copper and nickel alloys 


3. Aluminum and its alloys 


(,enerally speaking, only such elements have been included in the tables relating 
to the composition of the fumes as were present in quantities of hygienic significance. 
The figures given refer to percentage weights. The alkali metals, sodium and 
potassium, which constitute the chief parts of the undetermined components of the 
fumes, have not been included. In cases in which fluorine is present in the fumes, 
it has only been given as F . It should be noted that the oxide figures quoted are 
not always adequate, as, for example, for calcium, which probably is present mainly 
as Caks. Manganese is given as MnQ, although other Mn oxides, e. g.. MnQs, 
are present. 

I, Unalloyed and: Low-Alloy Steels.—1. Welding Mild Steels, St 37S to St 445: 
Phe most commonly occurring welding steels are unalloyed, so-called mild steels 
with the Swedish denomination St 37S to St 44S, which are used everywhere under 
the names of structural steel, ship's plate, boiler plate, etc. The contents of the 
commonest alloys in steels of this type used for welding have approximately the 
following maximum values : 


si 0.5 

Mn 0.8 

cr 0.2 Ol 

Ni 0.05 

Mo Ti 0.05 
The low-alloy steels have a higher content of certain alloying elements than 
unalloyed steels; however, the upper limit for the total amounts of the alloying 
elements does not, as a rule, exceed 10%. Among the unalloyed steels are con- 
sidered the manganese steels, St 48 and St 52, which from the point of view of 
alloving really form the transition between the unalloyed and the alloyed steels, the 
so-called chrome-molybdenum steels and certain chrome-nickel steels. Examples of 


alloying elements used in this group of steels are manganese, chromium, nickel, 


molybdenum, copper, tungsten, vanadium and, in certain cases, niobium, titanium, 
and aluminum. The building and construction steels St 48 and St 52 are two well- 
known and often employed types. The amounts of the alloying elements usually 
are less than the following for the weldable types. 


€ 
« « 


St 488, St 52S, 


0.40 O50 
Approx. 1 Approx. 1.5 

02 02 

0.3 0.3 

0.20 0.20 

0.050 0.050 

0.050 0,050 


\ll types of joint-welding electrodes are used for welding unalloyed steel. For 
low-alloy steel, neutral electrodes or, in cases in which there are greater demands 
on the tensile strength, basic electrodes are used. 
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(a) Welding with electrodes of neutral coating type. Six different types of 
neutral welding rods in common use in Sweden, representing four prominent manu- 
facturers, have been investigated. Electrodes of ditferent dimensions were fused 
under greatly varying working conditions. Typical fume compositions from neutral 
electrodes used on the same metal are reproduced in Table 1. 


TaBLe |1.—Typical Fume Composition When elding with Common Neutral Electrodes 


Steel, 25 Mm. St 42 (Ship's Plate) 


Analysis of Fumes 


Are Current FeeQs, SiQs, TiOs, Moo, Cad, 
Electrode No. Voltage Amperage t % % % % Comment 
24-26 130-140 59.5 < 01 21.7 0.70% 


3 (4 mm.) 24-05 185-205 13.3 23.8 ol 


4 (4 mm.) ‘ 24-26 110-130 30.0 37.7 12.6 

38-40 250-270 414) 33.3 105 
5 (4 mm.).. ‘ 26-28 180-200) 60.6 | <0] 
6 (10 mm.) diets eines 190-520 2.3 12.9 CuO 0.70% 


MgO < 0.5% 
A.C 


Amount of fumes from electrodes in Tables 1 and 


per 

Size of Electrode Electrode : 

3.25 and 4 mm. welding rods, ordinary.. 5-15 
10 mm. welding rods, ordinary........ 47 : 
4 mm. deep-penetration eleetrode....... 2.5-4 
5 mm. deep-penetration electrode. 3-5.5 
4 and 5 mm. high-yield eleetrode..... ai “i 1.5-3 2 


TABLE 2.—T ypical Fume Composition During Helding with Neutral Deep-Penetration 
and High-Yield Electrodes 


Steel, 25 Mm. St 42 


Analysis of Fumes 3 

Are Current FesOs, SiOe, TiOs, MnO, Cad, 

Electrode No. Voltage Amperage % % % % % # 

| 240-260 29.9 33.5 <0) 24.7 <0. a 

40-42 41.7 33.5 0.3 10.1 


There are two kinds of electrodes which by virtue of their technical properties 
ditfer greatly from the above, namely, deep-penetration and high-yield electrodes. 
They may also be classed as neutral. 

The former have great penetrating capacity and for this reason are intended 
especially for welding square butt joints. Having a considerably heavier coating 
than ordinary electrodes, they develop a great deal more fume. High-yield electrodes 
contribute about twice as much material to the weld as ordinary electrodes because 
of the iron content of the coating. higher voltage is used for both these types than 
is used in ordinary welding. 

Table 2 contains a few examples of welding with such electrodes. Electrodes 7 
and & represent typical deep-penetration electrodes of different origin. Electrode 
9 is a high-yield electrode. 
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(hy Welding with electrodes of acid type. extensively use i Swed sh brand 


of welding rod of the acid type has been investigated. Table 3 contains fume 
analyses from tests during welding with rods of different dimensions. 


(c) Welding with rutile electrodes. Tests of rods with coatings of inorganic 


rutile have been carried out with two brands, and there have been tests with three 
different brands of organic rutile electrodes. Typical fume analyses are given in 
lable 4 


3 Fumes from Electrodes 


with Acid Coating (Electrode No. 10) 


Steel Plate, 25 Mm. St 42 


Analysis of Fumes 


Are (Current Feo Qs, TiOs, Mn), 
Diameter, Mm Voltage % Comment 
130-140 


Quantity 
ot Fumes 


Sive of Electrode 


min lgm 
12 gm 
Sm em 


/ ypical Composttion During Welding with Electrodes of Rutile Type 


Steel Plate, 25 Mm. St 42 


\nalysix of Fumes 


Are Current TiOs, 
Fleetrode No Voltacre Amperage % % (Comment 
0-270 72.1 5 rutile 


145-165 4.1 6.7 Organic 
410 ‘ ‘ 3 7 rutile 


Quantity 


Size ot Flectrodes of Fumes 


em 


gm 


(d) Welding with electrodes of lme-tluoride coating. An exhaustive investiga- 
tron has been made with lime-tluoride rods, using eight different makes, representing 


six manutacturers. Table 5 gives analyses of fumes from these electrodes. 


Ilectrode 24, unlike the above, is a continuous basic electrode of special con 
struction and is imtended for fully automatic welding. On the core are four iron 
wires wound in one direction, with four more, wound in the opposite direction, on 
the outside. The coating ts pressed into the spaces. Table 6 gives analyses of the 
fumes from this electrode and for comparison the approximate amounts of the 
components determined in the fumes which are present in the coating. The total 
iron in the coating is expressed as FesOs, etc. Alternating current was used in 
the tests. 

The composition of the fumes from a given electrode varies considerably, how- 
ever, with the current strength. The thickness of the material welded affects the 
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fume development to some extent. Increased amperage not only causes more rapid 


fusing of the electrode but also augments the volatilization of both the material im 


the welding rod and the fused parent material. As an example of this increase 


in the total quantity of fumes generated, it may be mentioned that a 5-mm. hand 


electrode, melted down at approximately 240 amp. welding St 42, produced 1.5 gm. 


of fumes. When the current was increased to 350 amp., 2.1 gm. was formed. 


In the case of a 6-mm. welding rod of the same brand, the quantities at 270 amp. 
g | 


were 1.8 gm. and at 370 amp., 2.4 gm. 


TaBLeE 5.—Specumens of Fumes from Lime-Fluortde Electrodes 
Steel Plate, 25 Mm. St 42 


Analysis of Fumes 


Are Current FesQs, Sis, TiOeg, Mao, Cad, F-. 

Electrode No Voltage Amperage % % % % 

16 (3.25 mm.)....... 150-160 21.1 3.6 19.2 23.5 
(6 mm.) 365-385 34.8 11.2 Os 16 19.” 

24-26 200-290 21.8 6.7 17 16.6 0.7 


mm.).... 4.2 
20-24 150-170 28.3 O7 7.0 


19 (4 mm.).......... 28-30 140-160 16.7 6.8 0.6 is 0.7 14 
20 (4 mm.)...... ‘ 24-26 140-150 22.9 11.0 6s 
26-28 210-230 24.3 5.7 52 24.2 
22 (4 mm.).......... 26-28 210-230 28.8 11.3 04 we 13.7 19.3 3 


120-140 


a 


mim 


Quantity 
of Fumes 


Size of Electrodes 


3.25 mum 15gm 
12.5 2m 
omm...... 15-3 em 


6mm... 24 gm 


Electrodes 16, 17, and 20 are most suitable for steels with a tensile strength corresponding to St 48 and 
less. The other electrodes can be used with good results for steels above St 48 and for different materials 
over a very wide range of analysis and strength 


TABLE 6.—Fumes from the Continuous Basic Electrode 24 Melted at lartous Current Strengths 
Base Material: 20 Mm. St 42 


Approxi 
Inate 


Elee- Cur Flee- Analysis of Fumes 
trode Are rent trode Con - Quantity 
Diam., Volt Amper- sumption, SiOe, TiOs, Cad, at of Fumes 
Mm age age Mm. Min. % % % % % % Gm./ Min 2 
we 0.08 34.6 17.7 Ca. 7 


os 38.1 91 


700-750 


Composition of 


The analytical data compiled in Table 7 indicate the fume compositions at 


ditferent current strengths. 


To facilitate comparison of the fumes from electrodes of ditferent types, as shown 


in the tables, the same base material has been used. To demonstrate how the com- 


position of the fumes varies with the different types of steel, Table 8 lists some 


tests in which the same electrode was used with different types ot steel. 


It follows from Table & that the results obtained in tests with St 42 can be 
used for estimating the health risks with all the steel types, St 37S to St 52S. 
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It was noticed that the fluoride fumes were considerably more irritating to 


inhale in damp weather than in dry weather. For the purpose of investigating the 


variation of the fume composition, a few tests were made in very wet weather. From 
these tests, however, nothing was found that pointed to a tangible effect of the 
weather on the composition of the fumes. 


In order to get an idea of the extent to which the fluorine compounds present 
in the solid fumes are soluble in the mucous membranes, a few tests were made to 
try to determine the solubility in water. The fumes were collected by electrostatic 


PaBLe 7.—Lime-lluoride, Joint-W elding, 4-Mm. Electrode 21] Velted 
Down at Different Current Strengths 
Steel Plate, 25 Mm. St 42 


Relative Analysis of Fumes 
Humid 

ity of Are Current Feo Qs, TiOs, 
Air, % Voltage Amperage % . % Comment 
1) 16) 7 7.4 
Rainy 
weather 


Rainy 
weather 


—Lime-Fluoride Electrode 18 Melted Down on Difierent Steels 


Klee Analysis of Fumes 
trode 
Diam Are Current Fees, TiOe, Mno, Oud, Cad, 
Mm Voltage Amperage Base Material % % % ¢ € 
mm, St 37 
S10 mm. St 37 
mm, St 42 


Sto 


Lance 9—IlWater-Soluble Fluorine Compounds in the Solid Fumes 


Fluorine Content 


Soluble in Insoluble in 
Electrode No Water, % Water, % 


17 (5 mm.)... 12.0 11.1 
23 44 mm 10.2 68 


precipitator or by filter paper and the determination made by boiling a sample in 
carbon dioxide-tree, distilled water for one minute. After cooling, the sample was 
filtered, and the fluorine content was determined for solution and precipitate sepa- 
rately, ‘Table 9 lists the result of a few such analyses. 

From this table it can be seen that about one-half of the total fluorine content 
of the fumes is present in a water-soluble form. It is clear that a considerable frac- 
tion of the fluorine compounds in the fumes is water-soluble. The amount of calcium 
present in the fumes is not sufficient for all the fluorine to be present as CaFs. 
Furthermore, the CaF, present is in the form of extremely finely divided active 
particles, the solubility of which is probably considerably higher than usual. 
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2. Welding Low-Alloy Chrome-Molybdenum Steels: In recent years chrome- 


molybdenum steel, because of its exceptional strength combined with good weld- 


ability, has been used in rapidly increasing amounts in light construction work of 


various types, especially in aircraft and in steam power plants for parts subjected 


to great stresses, such as axles, connecting rods, and gears, and in pressure vessels, 


etc. The characteristic alloying elements in these steels are chiefly chromium and 


molybdenum, but various modifications are found. As an example of the contents 


of the alloying elements, the composition range of a special steel commonly used in 


aircraft is given below. 


For welding chrome-molybdenum steels, electrodes of the lime-fluoride type 


are usually employed. For these steels there are available special-purpose electrodes 


which give a deposit the composition of which corresponds to that of the base 


material and the properties of which can be modified as desired by heat treatment. 


Table 10 shows the result of analyses of fume tests made in connection with the 


TABLE 


10.—Fumes from the 4-Mm., Lime-Fluoride, Special-Purpose 
Electrode 25 for Chrome-Molybdenum Steel 
Thickness of Base Material: 8 Mm. 


Analysis of Fumes 


Are Current Base Ma Fests, SiQs, Moo, NiO, Cr20s, Mos, CaO, F-, 
Voltage Amperage terial, % % % % % % % % 
29-98 160-180 O5 15.9 3.7 < < 0.5 O14 15.6 15.1 
Cr-0.3 Mo 
26-28 1-210 0.5 Mn-1.0 20.0) 15.7 0 O01 < 05 0.06 lis 15.0 


Cr-0.3 Mo 


Size of Quantity 
Electrode of Fumes 


welding of an ordinary type of chrome-molybdenum steel, with the following analysis 


of the principal constituents. 


or 


Mn.... ‘ 0.40-0.70 0.020 
Mo ees 


O.15-0.25 


The electrode investigated was a special-purpose electrode commonly employed 


for this steel. 


3. Welding Low-Alloy Chrome-Nickel Steels: The chrome-nickel steels are a 
very large group and have widely varying compositions and uses. The characteristic 


alloying elements are chromium and _ nickel. 


The electrodes chiefly employed for these steels are ordinary lime-fluoride or 


stainless austenitic electrodes intended for 18/8 steel. The analyses of the fumes 


from the welding of a low-alloy steel having the following analysis are given in 


Table 11. 
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Phe lime-fluoride electrode 23 was used in the tests. Particulars of tests with 
special-purpose electrodes for high-alloy chrome-nickel steels are given in Table 12, 
and it is interesting to compare the figures in these two tables. 

High-Alloy Steels —1. Welding Stainless Steels: When the content of 
loving substances exceeds 10, one speaks of high-alloy steels. The are welding 
of the ditferent stainless and high-alloy manganese steels has been investigated 
carefully 

In the stainless group fall various high-alloy steels containing chromium as the 
most important alloying substance. The chromium content 1s almost invariably 
niore than 1247. Other common alloying constituents, besides carbon, are nickel, 
manganese, ttanium, copper, and silicon. On the basis of the metallographic 
structure of the steels, various main types may be distinguished, viz., martensitic 
steels, ferritic steels, austenitic steels, and ferritic-austenitic steels. 

Martensitic steels have a chromium content of 13 to 180. They may contain 


1 to 2% of nickel and, in certain cases, 0.5 to 1.5% of molybdenum. Smaller addi- 


from the Welding of Low-Alloy, Chrome-Nickel Steel with Electrode 23 
Thickness of Base Material: & Mm. 


Analysis of Fumes 


Are Current Ma Feot)s, Mno, NiO, CreOs Cad, 
Voltage Amperage terial, % % % % 
14-170 0.7 Mn-0.6 os Wd 0.13 0.91 14.0 
Cu 
Mn-0.6 ‘3.4 =4 on ool Os 0.73 M40 


Cu 


tions of copper and silicon may also be present. Martensitic steels are used for 
tools and instruments and for structural parts in which hardness and resistance to 
rust are required, for example, knives, surgical instruments, household implements, 
axles, turbine parts, tubes for boilers and condensers, evaporator tubes, ship pro 
pellers, and aireraft parts. The martensitic steels, with a higher carbon content, 
are very difficult to weld. 

Ferritic steels contain 13 to 30% of chromium and smaller amounts of silicon, 
molybdenum, titanium, and copper. Steel of this type containing 16 to 18% ot 
chromium is used for apparatus and pipes in the nitric-acid industry and_ for 
fittings, oven parts, oil burners, chains, ete. Steels with a higher chromium content 
are used mainly in heat-resistant articles such as various oven parts. In general, 
the welding properties are good, 

\ustenitic steels are the most generally used type of stainless steels. In this 
class is the common 18/8 steel, containing 18% of chromium and 8% of nickel 
The combined chromium and nickel contents usually exceed 25. Molybdenum 
may be added in amounts up to 3%, and additions of copper, titanium, niobium, 
tungsten, tantalum, ete., may be present. Austenitic steels are used to a large extent 
in industry for various types of construction in which resistance to acids, salts, 
and alkalis, as well as flame resistance, are required, for example, for piping, pres- 
sure bombs, and roller conveyers in hot ovens. This type of steel can be welded 


with extremely good results. 
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For purposes in which there is a special need for heat resistance and resistance 
to acids, ferritic-austenitic steels are used. The chromium and nickel contents of 
these steels are 26 to 27% and 4 to 6°, respectively. Molybdenum is also present 
in amounts up to 1 to 2%. These steels are used mainly in the chemical and nitric 
acid industries and for castings, apparatus, filters, axles, and the like. The weld 
ability is good, 

A large number of special-purpose electrodes are available on the market for 
the welding of these steels, each of which will produce a weld corresponding to 
one of the general types of stainless steels. The electrode coating is usually of the 
lime-fluoride type; rutile coatings are now used in Sweden only for certain special 
jobs, e. g., for sheet-metal welding. The purpose for which the welded object is to 
be employed usually decides the choice of electrode. It is thus, within certain 


TABLE 12.—Fumes from Lime-Flueride, Special-Purpose Electrodes for Stainless Steels 


Thickness of Base Material: 8 Mm. 


Analysis of Fumes 
Base 
Are Current Material, FeeOs, MnO, NiO, CreOs, MoOs, Cud, 
Electrode No Voltage Amperage WA % % % % % % 


(4 mm.) 24-25 130-140 7.7 3 oa 


Ni-2 Mo 
27 (3.25 mm.) 28-32 110-120 Is 2.3 0.30 
Mo 
28 (3.25 mm.) 28-30) 130-140 Is ('r 3.7 0.36 


29 (4 mm 26-28 140-160 

$1 (4 mm ; 28-30) 130-150 

(4mm.,).... 160-180 


$2 (4 mm 6-30 130-150 


Size of Quantity 
Electrodes of Fumes 
052m 
3.25 mm gm 


limits, possible to use the same electrode for several types of steel. The Institute's 
investigation has included electrodes with a more general range of application 
Altogether five different makes were studied. Typical examples of the composition 
of the fumes produced in welding stainless steels with lime-fluoride special-purpose 
electrodes have been collected in Table 12. 

Electrodes 26 to 28 are intended mainly for the welding of austenitic chrome 
nickel steels. The weld, which ts acid resistant, contains about 18% Cr, 8% Ni, and 
2 to 3% Mo. These electrodes are of special interest on account of the extensive 
use of this type of steel. 

Electrode 29 is intended for welding refractory austenitic steels. It can also 
be employed for certain objects of ferritic-austenitic and ferritic steel. The weld is 
refractory and contains about 25% Cr and 20% Ni. 


Electrode 31 is intended for ferritic-austenitic steel. It is used for certain objects 
of ferritic steels. The weld is refractory and contains about 25% Cr and 5% Ni. 


: 
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\s an example of electrodes giving martensitic welds, a hard-surtacing electrode 
of the type most commonly used was investigated. The electrode in question gives 
a hard martensitic deposit and is used for the hard facing of chrome-nickel steels 
and ordinary carbon steels, The weld is air-hardening and contains about 13% Cr; 
it will obtain a hardness of 450 to 500 HB.!' The electrode is listed as No. 32 in 
Table 12. 


2. Welding Manganese Steels: The high-alloy austenitic manganese steels, 


which are commonly called Hadfield steels after their originator, Hadfield, are welded 
with special-purpose electrodes. The following principal analysis is in’ practice 
applicable to Hadfield steels : 


Tasre 13.—Fumes from Lime-Fluoride, Special-Purpose Electrodes for Manganese Steel 
Thickness of Base Material: 4) Mm. 


Analysis of Fumes 


o 
« « « 


Are Current Base SiOv, TiOe, MnO, NiO, CuO, Cad, 
Fleetrode No Voltage Amperage Material, % % 

(5 mm.) 190-210 12 Mn 36 5.3 $2.4 69 

4 4mm.) 26-30 140-160 12 Mn 3 

(5 mm.) 210-230 1s Ni 34.6 


Size of Quantity 
Fleet rodes of Fumes 
{mm 12.5 gm 
tum 13.5 gm 


These steels are noted tor their capacity to acquire mechanical hardening as by 
cold working. By virtue of this property they have widespread use when subjected 
to severe wearing under cold-working conditions, for example, in jaws for ore and 
stone crushers, balls in certain ball mills, ete. .\re welding is the most common 
method of welding these steels. 

It has long been known that the fumes formed during welding with these 
electrodes cause considerable discomfort if inhaled. The application range of arc 
welding consists in the joining of manganese steels, both for new construction and 
for repair of manganese steel castings, and also—possibly the most usual applica 
trou-—in surface welding of worn manganese steel. Hard surfacing of other materials. 
such as ordinary carbon steels, 1s also carried out, during which a laver of stainless 
austenitic material is frequently deposited first in order to prevent cracking due 
to hardening in the tusion zones. Analysis of the fumes from electrodes of three 
ditferent makes are shown in Table 13. The fumes from Electrodes 33 and 34 were 
sampled in connection with the surface welding of 12% Hadfield steel. The sample 
from Electrode 35 was taken during hard facing of an austenitic stainless 18/8 
steel. 

[11. Some Common Nonsteel Material.—1. Welding Cast Iron: On account of 
the very extensive use of cast iron as a constructional material for foundations, 


11. Brinell hardness number 
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frames, engine blocks, shafts, and other machine parts, are welding of cast iron has 


become very common. The commonest alloying components of cast iron generally 


fall within the following limits : 


€ 


OS-3.0 
0.4-1.2 
02-09 


O.05-0.1 


The welding of cast iron presents special problems, owing to the high carbon 


content of the material, which renders it difficult to produce a soft deposit when 


standard cast-iron electrodes with steel cores are employed. In the first place, a 


certain carburization will take place in the molten pool, and unless special measures 


such as preheating are taken the cooling rate will often be so rapid that the material 


hardens. As a result, it is difficult, or even impossible, to work on the weld with 


TaBLe 14.—Fumes from Welding with Cast-Iron Electrodes 
Thickness of Base Material: 50 Mm. 


4 


Base 


Material: Analysis of Fumes 
Cast-Iron 
Are Current Contain- FesOs, SiOe, TiOe MnO, NiO, CuO, SnOe, MgO, CaO 
Electrode No Voltage Amperage ing, % % % % % % % % % % % 
(4 mm.)....... 26-28 130-150 1.7 Si-0.9 56 4.8 xen 17.6 
Mn-3.0 C 
28-30 190-210 1.7 Si-0.9 5 < 0.1 5 20.6 
Mn-3.0C 
37 (4mm.)..... 76-30 120-140 1.7 Si-0.9 2.2 
Mn-3.0 C 
(4mm.). 22-24 180-200 1.7 Si-0.9 70.5 os <O1 2.9 <02 
Mn-3.0 C 
38 (4mm.).. 20-24 1-170 1.7 Si-0.9 3.0 1S < 01 14.7 31.2 4.3 $1 1 
Mn-3.0 C 
39 (4mm.).. 28-30 125-145 1.7 Si-0.9 8.0 74 $1.6 2.7 4.6 


Mn-3.0C 


Size of Quantity | 
Electrode of Fumes i 


cutting tools. For this reason, use is often made of monel™ metal for cold welding,'* 


or of bronze electrodes when monel® is not available, in cases in which a tough and 


easily worked weld is required. However, electrodes having a steel core with a low 


carbon content and an oxidizing or neutral coating have been developed in recent 


times, and when welded with long are and low current they produce a weld that 


can be worked with cutting tools. Electrodes with cast-iron cores are also to be 


‘ found, but they usually necessitate preheating of the work to give satisfactory 


results. Analyses of fume samples taken during cold welding with different kinds 


of cast-iron electrodes are given in table 14. Electrode No. 36 is a standard electrode 


with a steel core for welding cast iron. The coating is of the lime-fluoride type. 


Electrode 37 is a slow-flowing electrode with steel core and oxidizing coating. With 


correct manipulation, it will produce a weld that can be worked, even with cold 


welding. Electrode 38 is a monel® electrode of the ordinary type. Finally, electrode 


39 is a bronze electrode with a core of tin-bronze containing about 8% tin and the 
rest copper. 


12. That means without preheating of working piece 
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2. Welding Copper and Nickel Alloys: The most usual weldable copper alloys 
ire brass (chief constituents, copper and zinc), bronze (copper and tin), and 
aluminum bronze (copper and aluminum). Of the nickel alloys, monel®™ (nickel and 
opper) is the most important. It is not possible, however, to enter into details 


concerning the various alloy contents of the ditferent types of brasses, bronzes, ete. 


on account of the very numerous variations which occur. 

\re welding of copper and copper alloys generally entails certain difficulties: 
owing to the high-heat conductivity of copper, the strong tendency of certain alloying 
elements to evaporate, and the formation of insoluble oxides. Good electrodes for 
welding copper and weldable copper alloys are now, however, on the market 

. Furthermore, particular types of special-purpose electrodes for the welding of nickel 
* ind nickel alloys are manufactured. The Institute has had no opportunity to carry 
out comprehensive tests in connection with special-purpose electrodes, and our 


15.—lFumes from Welding with Bronse and Monel® Electrodes 


Thickness of Base Material: 25 Mm 


Base Ma Analysis of Fumes 


Are terial Cu 
route Volt Current Alloyed Feo Os, MnO, NiO, CreOa, CuO, ZnO, SnOs, P2Os, AseOs, PHO, Cad, 
Ne ave with, % % % % % % % 
> Zn-5 a” O08 ow 35.6 O71 0.06 
Sn-3 Ni 
180-150 15 Zn 30.4 0.04 
4mm 100.120 33 Zn 33.6 24.2 3.3 F 
(4mm 160-180) 33 Zn 7.3 O10 B52 2.3 0.01 <1 é 
110.190 Zp ol a0 ol 25.8 26.7 0.01 95 2.8 


(3.25 mm.) 110-130 33 Zn O10 O10 13.6 26 oll 1.8 12.7 
* (4 130-140 Ni 


Size of Quantity 
Electrodes of Fumes 


3.25 mm ° 0.5-l em 


4 min 1152m 


Fumes from Eleetrode 41 also contained boron 


investigation has been restricted to three different makes of so-called all-purpose 


electrodes for copper and copper alloys and, as already mentioned, one electrode 
with a core of monel™ metal, i. e., a nickel alloy containing about 30% copper. 
\nalyses of the fumes from the above electrodes are given in Table 15. Electrodes 
39, 40, and 41 have a core of tin-bronze with about 8% tin, and they are used for 
welding various forms of bronzes. They are also used for welding brass, for hot 


welding copper, and for welding copper and bronze to steel. Electrode 38 contains 
thout 70 nickel in the core and is employed for monel* welding. ‘ 


3. Aluminum Welding and Its Alloys: Aluminum and its alloys have been 
rapidly gaining in importance in modern engineering because of their low specific 
weight, excellent molding properties, resistance to corrosion, heat conductivity, ete. 
\t present these metals are being used as structural materials for a great variety of 
purposes as, for example, in building for stationary construction of all kinds, for 
transport devices, and, not least, in machine engineering for high-speed engine parts 


such as pistons and the like. 
The mechanical strength of pure aluminum is increased by the addition of alloy- 
ing elements; however, certain other factors must be taken into account, such as 


easy flow and resistance to corrosion. The alloying elements most commonly 


= 
3 
| 
i 
=e 
H = 
{ 
} 
: | 
i 
4 
: 
3 
4 


THRYSIN ET AL—FUMES AND GASES IN) ARC WELDING 399 


employed are Cu, Mg, Ni, Si, Zn, Mn, Cr, Pb, Sn, and Bi, which occur in different 
proportions and to varying extents. 
For producing and repairing constructional parts of aluminum, welding has 


become very important. Hitherto gas welding has been the most widely used, but 


are welding now is a dangerous competitor, principally because it is quicker. 


The large electrode-manufacturing firms usually supply a number of different 


electrodes for welding of this kind. For such a purpose the core wire has a composi- 


‘ tion corresponding to one of the most usual alloys. Weldable aluminum materials 


have a low melting point and a strong tendency toward oxidation, and these prop- 


erties are decisive in determining the nature of the coating. In all light-metal 
electrodes the effective constituents of the coating should consist of the chlorides 
and fluorides of different alkalies and alkaline earth metals. 

Electrodes of three different makes were investigated. Those selected were 


all-purpose electrodes and could be used for various types of alloys. Electrodes 42 


and 43 have core wires alloyed with approximately 5% silicon and give the best 


TaBLe 16.—lFumes from Welding! with Aluminum Electrodes 
Base Material: 10 Mm. 57SH (Aluminum Alloyed with 2.5% Mg and O. 25% Cr) 


Analysis of Fumes 


Are Current AleOs, SiQs, MeO, cr, 
No Voltage Amperage % % % 
42 (6 mm.)...... 24-26 130-150 30.7 < 0.3 P < 01 79 25.2 
(6 mm.)..... 26-30 140-160 35.6 0.3 2.9 65 23.7 
(6 mm.,)...... 28-30 140-180 < 03 3.0 6 49 
(5 mm.).... 170-200 45.8 5 
43 (4 mm.)... 24-26 110-130 18.8 16 3.8 24 26.5 


44 (4 mm.)...... 22-26 27.5 8.7 
(4 mm.)...... 24-28 110-120 32.8 7 2.0 0.7 9.0 2.0" 
Analysis of eleetrode coating : 


Quantity 
of Fumes 


Size of 
Electrode 


Na, and small amounts (< 0.001 to 0.1%) of 


* Fumes contained appreciable amounts (1 to 10%) of K, Li 
Ca, Cr, Cu, Fe, Mn, Pb, and Zn 


+ Barium seemed to be present in coating as Bat le 


results when used for welding cast alloys of similar composition. Electrode 44 1s 
alloyed with 12% silicon, 1% manganese, and 0.8‘ nickel. It is particularly adapted 


for silumin (aluminum alloyed with about 12‘; silicon) but can also be used for 


repairing or building up other castings (Table 16). 


WELDING 


GASES 


The above tables have given the composition of only the visible welding fumes, 
which consist of particulate matter. In the following, the gases that may be formed 


in the are in toxic quantities will be dealt with in more detail. 


Primarily nitrous gases were studied. Some 1&0 tests were taken to determine 


nitrogen oxides, which occur continuously in are welding in quantities varying with 


the working conditions. In welding with heavily coated electrodes, the quantities 


present are, in general, comparatively low. In manual welding with short are and 


normal current strength, the quantities formed lay below 50 mg. per welding rod 


for hand-welding electrodes up to 5 mm. in diameter. 


The amount of nitrogen oxides developed depends primarily on the length of the 


are and the voltage, but it also depends on the amperage employed. Thus, for 
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example, a 2.5-mm. electrode used with a long are can develop considerably more 

mitrous gases than a 5-mm. electrode used for welding with a short are. On the 

other hand, an increase m the current at constant length of are signifies an increased 

gas development, something that should be kept in mind during automatic welding 

in Which heavier electrodes and higher current strengths are employed. . 
It has not been possible to find any systematic differences caused by different 

rod coatings. Neither has any catalyzing effect been observed from common surface 

contaminants, such as red lead, or other paints . 


In Table 17 are examples of measured amounts of nitrogen oxides, calculated 
is NOs, during welding with various are lengths. It is worth mentioning in this 


Z connection that in normal welding a short arc, i. €., a comparatively low are voltage, bE 
™ is used purely in order to obtain a good weld. W elding with penetration electrodes, . 


17.—Nitrous Gases Formed During Hand eldina 


\re Current Amount of NOe* 
Flectrode No Voltage Amperage Mg./ Electrode 

min 140-160 35 

mm.) 120-140 

mm 48-52 


110 
mm.) 


1 mm.) 190-180 
(3.25 mim.) 70-80 

14 (4 mm.) 140-160 
mm 


mim.) 


(2.5 mm.) 40-36) 205 
mm) 94-98 170-140 
(4 mm.) 1-170 17 
‘4 mim) 130-150 "10 


mm 32-36 140-150 195 


"Nitrogen oxides determined as nitrates by the phenol disulfonie acid method 
(A. © normal are length Voltage not measured 


certain cast-iron electrodes, and, to a certain extent, also high-yield electrodes is 
usually performed with a higher are voltage than that used for ordinary hand-weld- 


ing electrodes. However, the fume developed is, in general, so great that good 


ventilation is necessary. Table 17 lists also some tests with cast iron and stainless 


steel 


lor comparison, some figures are included in Table 18 of the development of 


nitrous gases at constant are length and varied current strength. These tests were 


made with an automatic welder designed for a continuous welding rod. The tests 
with the automatic welder were performed in such a manner that the machine was 
kept stationary while the plate-—-20 mm. St 42——-used for the test was slowly pulled 


forward by hand 


Che three heaviest electrode dimensions were used for the tests. Table 18 gives 


the results obtained under the said working conditions (the composition of the fumes 


is given in Table 6). It may be emphasized that in automatic welding the amperage 
often is rather high, owing to the electrode dimensions used. 
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The gaseous fluorine compounds that might be reckoned with would seem to be 


stheon tetrafluoride, SiFy, and hydrogen fluoride, HF. The tests have not demon- 


strated with any degree of certainty that gaseous fluorine compounds occur in the 


tumes during ordinary welding, but the fluorine appears to be present in the form 


of fluorides in the faintly alkaline fumes. The fluorine is present in the coating of 


the basic electrodes in the form of sparingly soluble fluorides, most commonly 


fluorspar. As previously shown, other fluorine compounds also occur in the solid 


‘ fume particles. The thermal dissociation caused by the high temperature in the are 


might under certain conditions (for example, if the silica content of the coating 


were sufficiently high) result in the formation of gaseous fluorine compounds hav- 


ing the above-mentioned composition. In Table 19 are given the results of some 


tests at different current strengths. For the sampling method adopted, the solid 


fume particles were first separated in an electric precipitator, and the vapor was 


TABLE 18.—Nitrous Gases Dewel iped at Constant Arc Lenath 


Amount of NOeg 


Electrode 


Current Consumption, Mg. M. of 

Electrode No \mperage Voltage M. Min Mg. Min Electrode 
4 (approx. 6 mm.) O68 47 
24 (approx. 7 mm.) 4 0.5? 110 
700 ove 160 
24 (approx. min.) O74 130 175 


TABLE 19. 


Gaseous Fluorine Compounds from Basic Electrodes 


Current F, Me 
Electrode No Are Voltage Amperage Electrode 
170-190 
320-340" 
290) 


820-340" 


34-36 
24-285 
34-36 


mm 
mim 
mm 


* The electrodes were melted down with highest possible amperage 


then drawn through impinger flasks containing 1% sodium hydroxide. The tests 


were performed in connection with the fusing of 5-mm. electrodes in welding steel 


st 42. The value determined is given in the table as F-. 


The tests which the Institute has carried out in regard to the carbon monoxide 


in welding gases have shown that the amounts of carbon monoxide formed are very 


small. The electrode type which would be expected to produce the largest amount 


of carbon monoxide is the organic rutile variety in which, as previously stated, 


organic compounds are present in the coating. However, even with this type of 


electrode the carbon monoxide content of the welding gases is very low. The carbon 


monoxide which is formed during the welding appears to be rapidly converted into 


carbon dioxide. Table 20 gives the amount of carbon monoxide in the exhaust pipe 


between the hood and the fan during welding with various types of electrodes. Weld- 


ing tests were also carried out with the tank closed. The amounts of carbon monox- 


ide found during these tests were low and should be of no hygienic significance 
Tables 21, 22, and 23). 
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PasL_e 20.—Maximum Amount of Carbon Monoxide in Exhaust Pipe 


Electrode Current 

EKlectrode No Diam., Mm, Are Voltage Amperage Vol. % CO Re 

‘ 4 24-26 170-190 0.002 
4 28-30 140-160 0.001 
10 28.30 250-270 0.002 
OF 


120-140 
280-300 


16 3.25 4-26 150-170 < 0.001 
16 , 5 28-30 270-290 < 0.001 
16 6 30-34 360-380 0.001 


TaBLe 21.—Welding with 4-Mm. Electrode 10 in Confined Space 
Are Voltage, 28-32 V.; Current, 140-160 Amp.; Electrodes Consumed, 33 
Fume Air Analysis Fume Analysis e 
Concen “~ - 
After tration, Os, COs CoO, Fees, SiOe, Mno, 

Min Me M* Me M* Vol. % Vol % Vol. % % % % Comment 

0.008 


TaBLe 22.—Welding with 4-Mm. Electrode 14 in Confined Space 
Arc Voltage, 28-30 V.; Current, 150-170 Amp.; Electrodes Consumed, 42 


Fume Air Analysis 

Concen 

tration, Os, co, 

After Min Mg./M.* Mg./M.3 Vol. % Vol. % Vol. % Comment 


0.006 At welder’s face 
35 20.5 O15 0.006 Test stopped 


TABLE 23.—Welding with 4-Mm. Electrode 16 m Confined Space 
Are Voltage, 22-20 V.; Current, 170-190 Amp.; Electrodes Consumed, 25 


Fume Air Analysis 
Concen - 
tration, Ors, COs, co, 

After Min Me. Mg./M.* Vol. % Vol. % Vol. % Comment 


0.005 


Test stopped 
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WELDING TESTS IN CLOSED TANK 


\ few tests were carried out with the tank closed. The welder was equipped 
with an air helmet, with the air-ejection valve connected by a hose to the open air 
to prevent dilution of the air in the tank. He worked at one of the short walls of 
the tank and kept welding without interruption for about one hour, except for 
changing electrodes, removing slag, etc. Samples were taken in the center of the 
tank, halfway up between the floor and the top. The floor area was 4.8 by 18 
meters. No special agitation was installed in the tank, 

A comparison between the different electrode types is given in Tables 21, 22, 
and 23. The welding tests indicated in the tables were made on 25-mm. steel St 42. 
It may be in order to mention that a fume concentration of 700 to 800 mg. per 
cubic meter made the visibility so poor that good welding was impossible. As shown 
by the tables, the sedimentation was rather rapid, and this points to a powerful 
agglomeration of the fume particles at high concentrations. 


SUMMARY 


An account of a research project on the composition of gases and fumes produced 
by are welding is given. The research was done by the Department of Occupational 
Health, National Institute of Public Health, Sweden. Various types of electrodes 
were tested, interest being concentrated on basic (lime-fluoride) electrodes for 
welding mild steel, as such electrodes have taken a dominant position in the 
Swedish market during the past decade; in 1951, basic electrodes for welding mild 
steel accounted for more than 50% of the total sales in Sweden. 

Most of the tests were made on manual welding with electrodes intended for 
joining mild steel. However, various special electrodes, such as those for stainless 
steel, cast iron, bronze, and monel” metal, were also tested. The brands of elec- 
trodes most widely used in Sweden were taken as representative of each type. 
Fully automatic welding with continuous rod and semiautomatic welding with 
manual electrodes were also investigated. 

Test apparatus and procedure for taking samples are described. Types of 
electrodes and materials used are given. 

Mrs. Runa Gerhardsson, Ch.E., selected the analytical methods used and carried out the 
analyses. 

This investigation was supported by a grant from. Elektriska Svetsnings AB, Eriksbergs 
Mekaniska Verkstads AB, AB Gotaverken, and Lindholmens Varv, all in Sweden. 
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CARBON MONOXIDE TOXICITY IN SUBMARINE OPERATIONS 


Report of a Case 


COMMANDER H. J. ALVIS (MC), U. S. N. 
AND 


CHIEF HOSPITALCORPS MAN C. W. TANNER (SS), U. S. N. 


W' IRKING as they do in an environment of strong odors from many sources 
and bemg familiar in day-to-day operating conditions with frequent short 
exposures to diesel exhaust gases, submariners display a normal human tendency 
to overlook the toxic effects of carbon monoxide within their ship. Their thoughts 
about CO potsoning are often carried over from experiences with gas home appli 
ances and with automobile exhaust gases, in which high concentrations are encoun- 
tered in short times. Because of the physical proximity of the exhaust stack to the 
air induction on snorkel submarines, these ships present a greater potential hazard 
than did World War II fleet type submarines. The insidious onset of symptoms 
from longer exposures to lower concentrations is so subtle that the equally important 
end-results are not so prominently brought to mind. Although carbon monoxide 
itself is colorless and practically odorless, it should never be forgotten that whenever 
exhaust gas from an internal-combustion engine can be seen or smelled some con- 
centration of carbon monoxide invariably is present. 

During World War II, Malorny ' studied the carbon monoxide problem for the 
German Submarine Force. As would be expected, since Diesel engine exhaust gases 
contain very small amounts of CO and the air demand of the engines is so great, 
there was no problem during normal surface cruising. However, the arrangements 
for disengaging the Diesel engines did not always function well, and when the boat 
was diving in an emergency, the electric motors would drive the engines for a few 
revolutions and pump poorly combusted fuel into the engine rooms. With the 
advent of the snorkel, the back-pressure on the exhaust line caused less complete 
combustion, and this exhaust gas contained 0.08 to 0.12% CO. When the head 
valve was submerged, the CO in the exhaust would rise to values of 0.4 to 0.7% 

This paper was read at New England Section, American Industrial Health Association, 
Cambridge, Mass., Nov. 14, 1952. 

This article has been released for publication by the Division of Publications of the Bureau 
of Medicine and Surgery of the United States Navy. The opinions and views set forth are those 
of the writers and are not to be construed as reflecting the policies of the Navy Department 

Essentially this same information with expanded explanations of the physiological effects 
of carbon monoxide was prepared for distribution within the naval service as a mimeographed 
report by Submarine Development Group Two, United States Navy Submarine Base, New 
London, Conn. 

1. Malorny, G.: Monograph on German Submarine Medicine, U. S. Naval Technical Unit, 
Europe (Medical), U. S. Naval Forces, Germany, Navy Department, Bureau of Medicine and 
Surgery, 1948 
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(Type VII-C, 1943-1944). Blood analyses for carboxyhemoglobin done on eng}- 
neering personnel of a snorkel boat gave values ranging from 9.6 to 26.7% saturation. 

As sources of carbon monoxide aboard submarines Malorny listed incomplete 
combustion of Diesel fuel, fires, overheated ersatz asbestos insulating material 
(which also gave off irritating aldehydes and acrolein), and overheated electrical 
insulation material. 

Sendroy and associates,’ reporting on tests of electrical insulating materials for 
> the United States Navy submarines, recently reported that “at insulation tempera 
tures in excess of 150 C., maintained for periods of 96 hours, carbon monoxide 1s 
produced by CNSV-insulated motors in concentrations injurious to health.” CNSV 
is a phenolic liquid “material” extracted from the shell of the cashew nut. 

The physiological action and the effects of carbon monoxide deserve no repeti- 
tion here. McFarland * has presented a most excellent discussion of this subject 
in relation to the field of aviation medicine. There one will find a table of symptoms é 
related to various levels of blood saturation and a chart indicating blood saturation 
levels in relation to exposure time, carbon monoxide concentration, and work levels. 


REPORT OF CASE 


In a recent maneuver of snorkel-equipped submarines, short periods of snorkeling followed ; 
by long periods of submerged patrolling (on battery propulsion) were required. On various 
occasions crew members of several of the vessels snorkeling at slow speed downwind noted 
exhaust gases being taken in through the air induction. One vessel experienced a situation 
which deserves general notice among submariners. Verbatim excerpts from the medical log of 
that vessel are quoted as follows. 

“Underway as before, commencing 3rd day of submerged operations. 

“About 0505 commenced snorkeling. Sea very calm and no wind. The engine-exhaust fumes : 
and smoke were coming down the induction. After snorkeling for about twenty minutes the ; 
induction went under water, and the engines shut down. A few minutes later on trying to start : 
#2 engine they cracked a liner. #1 engine was too hot to start, so, the exhaust fumes and i 
smoke stayed in the boat. 

“0930—Two men, working on #2 engine, complained of being dizzy and feeling faint. The 
men are renewing a liner in #2 engine. Temperature in engine room is 95 F. and the engines 
are very hot. Salt tablets given to the men, and a blower rigged up on the port side of 
engine room. : 


“1100—All men working in engine room are complaining of headaches. CQO. reading is 144% 
in engine room. 

*1230—About 50% of the crew are complaining of headache; aspirin [acetylsalicylic acid] 
and A. P. C. [acetylsalicylic acid, acetophenetidin, and caffeine] given. 


“1400— Pressure built up in the boat and the head valve on the snorkel opened and the ventila- 
tion blowers speeded up. CO, reading 1.75%. Most every one up and around is complaining of 
headaches, both frontal and occipital. The men are still working on #2 engine. The headaches 
are believed to be caused from carbon monoxide gas. 

“1530—Most everyone is complaining of headache, moderate to severe. Three men are 
nauseated and vomiting. Carbon monoxide test shows 0.01%. 

“1545—CO: 2%. 

*1600—Commenced snorkeling as operations call for. All men except one complaining of 
headache. Several men are nauseated and three vomited. Commenced administering oxygen 
to men affected the worst. 

2. Sendroy, J.; O'Neal, J. D., and Pitts, G. C.: Hazards from Thermal Decomposition of 
Motor-Insulating Materials, A. M. A. Arch. Indust. Hyg. 5:330 (April) 1952. 

3. McFarland, R. A.: Human Factors in Air Transport Design, New York, McGraw-Hill 
,00k Company, Inc., 1946, Chap. 6. 
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“2000-— Twenty-five (25) men were given oxygen from two to three minutes each. Some head- 
aches cleared up at once, others in from five to ten minutes and all reported at least 75% relief 

“2300—Everyone is feeling almost normal; a few are still complaining of a slight headache.” 

From the foregoing, it is particularly noteworthy that those men engaged in 
active work were the first to be affected. The first symptoms noted were headaches. 
\s the condition progressed, it was described as a feeling that the top of the head 
might “blow off.” [exposure continued until all aboard, save one, were affected, 
those most severely affected being nauseated, vomiting, or having headaches so 
severe that sedation was required. Codeine did not relieve these headaches, but 
oxygen inhalation brought partial relief fairly soon. 

The carbon monoxide concentration was found to be 0.01% with the carbon 
dioxide level at 2% at about the same time. The exposure lasted approximately 
10 hours. Analysis of the symptoms suggests the cause. Severe frontal headaches, 
nausea, and vomiting are characteristic of carbon monoxide poisoning. One and 
five-tenths to 2% COs can be disregarded as a direct cause of the symptoms in this 
case. However, the CQ. can certainly have had an influence, tending to hasten the 
onset of symptoms or, in another manner of expression, to make the symptoms worse 
for the exposure time. Information concerning the influence of CO, on the amount 
of air breathed per unit of time is available.* 

$y combining the data of these groups into a single curve, it is indicated that 
when the CQO in the air is at the 1.5% level there is about a 22% increase in pul- 
monary ventilation for a resting man. Two per cent CO, causes an increase of 
about 33% above resting pulmonary ventilation. 

Comparison of the symptoms reported with the table in  McFarland’s work 
indicates that (with one exception) all aboard probably had a carboxyhemoglobin 
saturation between 10 and 20%, while several probably had 20 to 30% saturation 
and a few may have had as high as 30 to 40% saturation. The condition was properly 
diagnosed and proper treatment instituted when it became apparent that the entire 
ship's company was involved, not just those engaged in heavy labor in the heat of 
the engine room, The first thought that this condition might be heat exhaustion 
was based on the fact that the vessel was making its first cruise in tropical waters 


after spending several winter months in New [England waters. All hands were 


unaccustomed to the heat and were inclined to place the blame for any ill health 
on that factor. 
SUMMARY 

\ case of mass carbon monoxide poisoning in a submarine is reported. This 
unusual circumstance extends the literature of this subject and serves to indicate 
another factor in the unusually complex industrial situation of occupation as a 
submariner. 

4. Shock, !N. W., and Soley, M. H.: Effect of Oxygen Tension of Inspired Air on Respira- 
tory Response of Normal Subjects to Carbon Dioxide, Am. J. Physiol. 130:777 (Oct.) 1940. 
Schaefer, K. E.; Cornish, EF. R.; Lukas, C. A., and Carey, C. R.: Respiration and Circulation 
During and After Inhalation of Various Concentrations of Carbon Dioxide, Report No. 189, 
Vol. 11, No. 6, U.S. Navy Medical Research Laboratory, Submarine Base, New London, Conn. 
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INDUSTRIAL MEDICINE IN SWEDEN 


Recent Experiences and Future Problems 


SVEN FORSSMAN, M.D. 
STOCKHOLM, SWEDEN 


N SWEDEN old time industrial medicine was mostly practiced by district 
health officers or private physicians, who in the small industrial villages were 

responsible for the medical care of the inhabitants, including the workers and their { 
families. This, however, was general medical care without special reference to 
the industrial conditions. When large-scale industrialization came, 50 to 100 
years ago, it was rather natural that industrial medicine should be looked upon as 
a service of medical care of the workers, especially in case of accidents. The 


definition of industrial medicine as mainly treatment and prevention of accidents 
has changed since then. Great interest has been taken in the application of pre- 
ventive medicine to industry, and the aim of industrial medicine today in Sweden ' 
and in many other countries is to raise the general health standard of the workers, : , 
to maintain the ‘workers’ health, and to enable the workers to regain their health : 

as soon as possible after disease. The World Health Organization defines health ' } 
as a state of complete physical, mental, and social well-being. The joint International 
Labor Organization-World Health Organization expert committee on occupational 
health at its first meeting, in 1950, defined occupational health as follows *: 


the promotion and maintenance of the highest degree of physical, mental, and social well-being 
of workers in all occupations; the prevention amongst workers of diseases caused by their work- 
ing conditions ; the protection of workers in their employment from risks to health; the placing 
and maintenance of the worker in an occupational environment adapted to his physiological and 
psychological equipment, and, to summarize, the adaptation of work to man and of each man 
to his job. 


Important dates in the development of industrial medicine in Sweden are the 
following : 


1881, the first law to protect young workers in industry. 
1890, organization of state factory inspection 
1912, a general law for workmen's protection. 
1916, a law for compulsory insurance of employees against accidents at work. 
1929, a law for compulsory insurance of employees against occupational diseases according 
to a schedule which in 1929 included 10 and at present about 30 occupational diseases. 


Read in the Symposium on Industrial Medicine on the International Scene before the 
Section on Preventive and Industrial Medicine and Public Health at the 101st Annual Session 
of the American Medical Association, Chicago, June 11, 1952. 

1. Forssman, S.: Industrial Medicine in Sweden and in the United States, Occup. Med. 
4:253, 1947. i 

2. Forssman, S.: The World Health Organization and Occupational Health, Brit. J. Indust. 
Med. 8:206, 1951. 
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1938, organization of a National Institute of Public Health, with a department of occupa- 
tional health 

1945, formation by the Swedish Employers’ Confederation and the Labor Union, which 
already in 1942 had set up a joint committee on safety, of a joint permanent organiza- 
tion, the Council on Workers’ Protection 


1945, organization of the Swedish Association of Industrial Physicians 


1949, acceptance of a new modern law on workmen's protection by the Parliament. In 
connection with this law, the factory inspection was reorganized 


To promote the health of workers in a country, three measures are mainly 
necessary : 

1. A workers’ protection law, whereby the state guarantees its citizens a 
minimum of standard conditions at work from the health point of view, and a 


state factory inspection to control or enforce the law. 


2. An institute for investigation and research in the field of occupational 


health. 

3. Industrial physicians. The above-mentioned measures and organization would 
be of little value, if industrial physicians did not take care of the daily problems of 
health and medical service arising at the working places. 

Factory inspection in Sweden was started on a very small scale in 1890. In 
1049 it was organized as the Workers’ Protection Board within the Ministry of 
Social Affairs. The Board consists of several divisions: one, for general inspection 
and special divisions for special fields of inspection, such as mining, operating 
electric works, handling ammunition, and producing combustible gases and vapors. 
A small medical division, with four part-time physicians, was started within the 
Board in 1949. The Workers’ Protection Board and its factory inspection, with 
a total personnel of about 200, should serve the whole of Sweden. The factory 
inspectors are engineers trained at technical universities. The work of the factory 
inspection has been devoted mostly to accident prevention and to raising the general 
standard of hygiene in industries. Prevention of such occupational diseases as 
silicosis and lead poisoning has been dealt with to a certain extent. The factory 


inspection, however, has so far had very little technical equipment and training 
for measuring such occupational hazards as dusts, gases, vapors, and noise. Pre- 


employment and regular examinations of workers “seriously exposed” to silica dust, 
lead fumes and dust, or benzene vapors are compulsory according to governmental 
regulation. The Workers’ Protection Board decides, in cooperation with the Medical 
Board, whether these examinations have to be carried out for every industry 
involving exposure, The time between two regular examinations varies, depending 
upon the degree of exposure. 

The work of the Workers’ Protection Board and of the factory inspection has 
been important especially in preventing serious accidents and in raising the general 
standard of hygiene in industries. The medical part of the work of the factory 
inspection has so far not been very much developed. 

\ Swedish institution for investigation and research in the field of occupational 
health was created in 1938. The National Institute of Public Health, at Tomteboda 
(near Stockholm), was then organized, with three departments: public health, 
nutritional hygiene, and occupational health. Later a special vitamin department 
was organized. The buildings of the Institute were completed when the main work 
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started in 1941. I was professor and chief of the department of occupational health 
from 1943 to 1951. The staff of this department consisted at the beginning of the 
period of one physician, one engineer, one chemist, and one secretary; by 1950 
there were 5 full-time physicians, 1 part-time physician (dermatologist), 10 
engineers and chemists, about 25 laboratory assistants, and 5 secretaries. 

The staff conducts occupational medical investigations, on request mostly from 
industries, does research, and gives out information and teaches in the field of 
, occupational health. .\ close cooperation was developed with the occupational 
medicine department of the University Hospital (Karolinska sjukhuset), started 
in 1947, and also with a similar department, started in 1951, at the largest hospital 
of Stockholm City (Sodersjukhuset ). 

There is a detinite need in Sweden, as in many other countries, for an institute 
where impartial investigations in the field of industrial health can be made. At 
present two or three requests for such investigations arrive every day at the Depart- 
ment. Some of the inquiries are very simple and can be answered almost imme- 
diately, but others may take months or every years of laboratory and field work. 
These investigations are requested mainly by industries, hospitals, public-health 
officers, private physicians, labor unions, and, to a smaller extent, the Workers’ 
Protection Board, Medical Board, health and medical services of the armed forces, 
and other governmental organizations. The Department is so far the only institute 
in Sweden that carries out such investigations on a large scale. 

Many of these practical investigations raise basic research problems, which 
sometimes have been very interesting to study. The research work of the Depart- 
ment may thus arise from investigations made on request, but in some cases it has 
also been started by the Department itself without any relation to a request for 
an investigation from a single industry. 


The research work during the first 5 to 10 years was devoted almost exclusively 


to occupational hazards and their prevention. During later years, however, more 
general occupational health problems have also been studied. 

On the basis of research which has been done the following studies on occupa- 
tional hazards may -be mentioned. 

Problems in relation to the handling of such solvents as benzene *® and trichloro- 
ethylene, have been studied, especially an evaluation of the excretion of trichloro- 
acetic acid in urine and the theoretical background of the metabolism of tri- 
chloroethylene.' 

The health hazards in the synthetic neoprene rubber industry have been studied, 
6 especially in connection with the inhalation of chloroprene vapors.’ As loss of 
hair was one of the signs observed in workers in the synthetic rubber industry, 


3. Forssman, S., and Frykholm, K. O.: Benzene Poisoning II, Acta med. scandinav. 
128 :256, 1947. 

4. Forssman, S., and Ahlmark, A.: On the Diagnosis of Trichloroethylene Intoxication, 
Nord. med. 30:1033, 1945. Ahlmark, A., and Forssman, S.: Evaluating Trichloroethylene 
Exposures by Urinalyses for Trichloroacetic Acid, A. M. A. Arch. Indust. Hyg. 3:386, 1951; 
The Effect of Trichloroethylene on the Organism, Acta physiol. scandinav. 22:4, 1951. 


5. Nystrom, A.: Health Hazards in the Chloroprene Rubber Industry and Their Prevention, 
Acta med. scandinav., Supp. 219, 1948. 
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and, since it was extremely difficult to repeat this etfect under experimental con 
ditions on ammals, the mechanism of the toxic loss of hair was studied in animals 
exposed to thallium. In an extensive study, also using thallium isotopes, it was 
shown that thalltum was found in greater concentrations in the hair follicles and 
that thallium probably interfered with the intermediate metabolism of organic 
sulfur compounds in the synthesis of keratin in the hair.” Vitamin B and cystine 
were, in animal experiments, shown to have a certain protective effect against 
thallium poisoning 

Among other occupational intoxications, carbon monoxide has been studied, 
especially the effect on men and animals of single and repeated exposure to low 
concentrations.” Intoxications from inorganic and organic mercury compounds 
among workers in electrical and chemical industries and among workers treating 
seeds or wood have been studied, especially the distribution of mercury in the body, 
the exeretion of mercury in the urine, and its value in health control of exposed 
workers 

The effect on experimental animals of insecticides containing organic phos- 
phorus has been studied,’ and methods of prevention against the occupational 
hazard have been discussed. 

Occupational hazards from various inhaled dusts were studied. An 
extensive investigation of the frequency and industrial distribution of silicosis in 
Sweden had just been completed before the opening of the Institute.’* The work 
of the Department then was mostly devoted to the effect of the nonsilica dust. 

Freshly generated nickel fumes were shown to cause lung edema in experimental 
animals (guinea pigs and rats), and corresponding symptoms occurred among 
exposed workers. Exposure of animals to nickel fumes had almost the same effect 
on the lungs as exposure to nickel carbonyl vapors."* 


Exposure of workers in storage-battery plants to cadmium dust for a long 


time caused emphysema and proteinuria, a protein of small molecular weight being 


6. Thyresson, N Experimental Investigation on Thallium Poisoning in the Rat, Acta 
dermat.-venereol, 31:3, 1951 

7. Thyresson, N.: The Influence of Dietary Factors, Especially Brewer's Yeast, Cystine, 
and B \ itamins, on the Course of Chronic Thallium Poisoning in the Rat, Acta dermat.-venereol 
30:9, 1950 

8. Forssman, S Theoretical Aspects of Carbon Monoxide Intoxication, Nord. med 
32:2717, 1946 

9 Friberg, | Aspects on Chronic Poisoning with Inorganic Mercury, Nord. hyg. tidskr. 
32:240, 1951 

10. Ahimark, A.: Poisoning by Methyl Mercury Compounds, Brit. J. Indust. Med. 5:117, 
1948. Lundgren, K. D., and Swensson, A.: Occupational Poisoning by Alkyl Mercury Com- 
pounds, J. Indust. Hyg. & Toxicol, 31:190, 1949 

11. Forssling, S.: Contributions to the Toxicology and Pharmacology ot Hexaethyl Tetra- 
phosphate (HTP), Acta pharmacol. et toxicol. 4:143, 1948 

12. Forssling, S.: A New Type of Insecticide with Remarkable Pharmacological Properties, 
Nord. hyg. tidskr. 30:133, 1949. 

13. Bruce, T.: Silicosis as an Occupational Disease in Sweden: A Clinical and Industrial 
Medicine Study, Acta med. scandinav., Supp. 129, 1942; abstracted, Bull. Hyg. 18:486-487 
(June) 1943. 

14. Forssman, S Lung Edema from Inhalation of Nickel Fumes, read before the Tenth 
International Congress of Industrial Medicine, Lisbon, Portugal, Sept. 9-15, 1951, to be published. 
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excreted in the urine of exposed workers.'® These findings were also confirmed 
in animal experiments.'® 


\ study on workers exposed to vanadium pentoxide dust was carried out, 


showing the occurrence of local irritation in the respiratory organs, such as 


Jharyngitis and bronchitis. If a general intoxication from inhaled vanadium dust 


exists, it seems to be of no practical importance. These experiences were also 


confirmed by animal experiments." 


\ lung disease among workers in an aluminum industry exposed to very high 


concentrations of aluminum dust, containing up to 0.5% paraffin, and a lung 


disease among workers in cemented tungsten carbide industries have also been 


studied.'* 


An extensive study has also been made on workers at a copper smelter exposed 


to arsenic fumes or dust, sometimes combined with exposure to sulfur dioxide gas.’ 


Lune function tests have plaved an important part in most of these studies on the 
a ] 


effect of inhaled dusts on workers. (ne of the methods used was estimation of 


the residual quotient with the hydrogen method. To evaluate the results ot all 


these studies on exposed workers, it was necessary to make an extensive investiga- 


tion of the lung function of normal men at different ages between 18 and 65, 


especially of the higher age groups.*’ As industrial workers in most cases are 


exposed not to a single toxic substance but to a mixture of several toxic substances 


and as very little is known about the combined effect of toxic substances, this 


problem has been specially studied. Two substances with well-known effects were 


chosen for these studies: carbon monoxide (or hypoxia from oxygen deficiency ) 


and a chlorinated hydrocarbon, in most cases trichloroethylene. 


Studies have been made on methods of chemical analysis of mereury,** lead,*” 


and trichloroacetic acid @* in urine. Methods of analyzing the different components 


in mixtures of solvents have been studied.** 
15. Friberg, L.: Health Hazards in the Manufacture of Alkaline Accumulators with Special 


Reference to Chronic Cadmium Poisoning, Acta med. scandinay., Supp. 240, 1950. 


16. Friberg, L.: Further Investigations on Chronic Cadmium Poisoning \ Study on 
Rabbits with Radioactive Cadmium, A. M. A. Arch. Ind. Hyg. 5:30, 1952 

17. Sjéberg, S. G.: Health Hazards in the Production and Handling of Vanadium Pentoxide, 
A.M. A. Arch. Ind. Hyg. 3:631, 1951. 


18. Forssman, S.: The Recent Experiences in Sweden on Pneumoconiosis Produced by the 


Inhalation of Inorganic Dust Without Silica, read before the Third International Conference 


of Experts on Pneumoconiosis, Sydney, Australia, Feb. 28-March 11, 1950 

19. Lundgren, K. D.; Richtnér, N. G., and Sjéstrand, T.: Ronnskar Disease, Nord. med. 
46: 1556, 1951. 

20, Lundgren, K. D.: To be published. Parts of the results are cited in Friberg, L.: Health 


Hazards in the Manufacture of Alkaline Accumulators with Special Reference to Chronic 
Cadmium Poisoning, Acta med. scandinav., Supp. 240, 1950; and in Sjoberg, S. G.: Health 
Hazards in the Production and Handling of Vanadium Pentoxide, A. M. A. Arch. Ind. Hyg. 
3:631, 1951. 

21. Vesterberg. R.: Erfahrungen iiber Mikrobestimmungen von Quecksilber und Blei in 
biologischem Material, Ost. Chem. Zentralbl. 6:116, 1950. 

22. Vesterberg, R., and Sjéholm, O.: Microdetermination of Lead in Biological Material, 
Mikrochemie 38:81, 1951. 

23. Forssman, S.; Schmidt, L., and Vesterberg, R.: Determination of Trichloroacetie Acid 
in Urine, to be published. 

24. Blohm, G.: A New Microtechnique for the Analysis of Liquids by Displacement Adsorp- 
tion, Mikrochemie 36-37:322, 1951. 
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Technical industrial hygiene studies have been made on the composition of 
gases and fumes from different kinds of welding *° and on the occurrence of 
carbon monoxide in iron foundries * and in motor cars and trucks.?’ 

Among research studies of more general occupational health interest, the 
following can be mentioned. A study of the health of young workers has been 
made in connection with the compulsory annual health control of young workers 
(under 18 years of age).** This study was then combined with a sociologic study 
of young workers in Stockholm and of their attitude to the work and to the working 
conditions and a study of the factors influencing this attitude (to be published). 

In relation to complaints from workers in factories underground, a combined 
medical and psychological study was made on the workers in such factories and the 
findings compared with those in similar factories above the ground level. The 
complaints of the workers usually consisted of tiredness, headache, sleepiness, and 
certain eye symptoms. If lighting and ventilation were efficient, however, there 
was no difference between workers underground and those above ground in regard 


to total absenteeism and absenteeism from various diseases. The psychological 


factors at the place of work seemed to be of greater importance in underground 
factories. 

In a study on the relation between health and shift work, it was found that in 
general the night-shift workers slept less than the day workers, that the nervous 
complaints, such as tiredness, irritation, and headache, of shift workers were 
commoner among those who slept less, and that the main cause of this lack of 
sleep seemed to be mostly related to noise disturbing the sleep during the day after 
a night shift. Shift workers who had an apartment with a separate bedroom to 
sleep in during the day had on the average longer sleep than those who had smaller 
apartments, consisting of one room and a kitchen or less, where it was impossible 
to obtain quiet sleep during the days of the weeks that they were on night shift. 
The period of day, afternoon, or night shift is usually one week in Swedish 
industries. To eliminate these disadvantages from shift work, it seems important 
to make arrangements so that shift workers can sleep without being disturbed, 
especially during the days of the week that they are on night shift. 

Another study was made to determine whether there was any difference in 
the reaction of the organism during the hours of day and night. With use of tests 
that were part of the work in some gas industries, it was found that there was a 
maximum incidence of errors in reading and calculating between 2 and 4 a. m. and 
a smaller maximum between 2 and 4 p. m. By keeping normal men awake from 
24 to 72 hours and by using psychological methods, this finding could be confirmed 
in experiments; it was also shown that the incidence of errors was related to 
lack of sleep. According to these results, the arrangements for shift workers to 


25. Forssman, S.; Thrysin, F., and Gerhardsson, G.: Fumes and Gases from Are Welding 
Regarding Health Hazards, Svetsen 4:71, 1949. 

26. Thrysin, E., and Larsson, A.: Presence of Carbon Monoxide in Cast Iron Foundries, 
read before the Ninth International Congress on Industrial Medicine, London, England, Sept. 
13-17, 1948 

27. Forssman, S.; Thrysin, E., and Ornholmer, E.: Carbon Monoxide in Gasoline-Driven 
Automobiles, Tekn. tidskr. 42:869, 1949. 


28. Ahlmark, A., and Lundgren, K. D.: Some Experiences from the Health Control of 
Workers Under Age in Stockholm, Nord. hyg. tidskr. 29:293, 1948, 
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have enough sleep will be still more important.** The electroencephalogram and 
the pulse rate were studied in experiments on human beings awake and sleeping.*® 

Members of the staff of the Department of Occupational Health are doing 
extensive teaching and training of different groups. Courses for industrial physi- 
cians, lasting three weeks, have been given annually. Lectures of 8 to 10 hours on 
occupational health have been given to medical students and have been included 
in postgraduate courses for public-health officers. Courses on industrial health and 
hygiene have been given every year at the Technical University of Stockholm. 
Short courses or lectures have been given to groups of engineers, foremen, and 
workers in various professions and industries. 

Factory inspection or a research institute of industrial health will not be able 
to solve the daily health problems of industrial workers. This will be mainly the 
task of the industrial physician, who was formerly almost entirely an accident 
surgeon and who is now handling the application of general preventive medicine 
in industry, sometimes combined with medical care. The extent to which medical 
care is given by the industrial physician depends on the local conditions in industry 
and in the country. In Sweden and Finlanil, the industrial physicians in most 
cases give medical care to the workers if asked to. In some places only treatment 
of accidents is handled by the industrial physician. In Norway, however, the 
industrial physicians are not supposed to give treatment except in emergencies or 
minor illnesses. In Sweden, there is a growing interest among industries in 
organizing health and medical services for their workers. Although in some 
industries the only work of the industrial physician, according to old tradition, is 
still accident treatment and sometimes general medical care of the workers and 
their families, a trend to change the task of the industrial physician to more preven- 
tive work is obvious in Sweden. The Swedish Association of Industrial Physicians 
was organized in 1945, and this association was accepted in 1948 as a branch of 
the Swedish Medical Association. The Association of Industrial Physicians stim- 
ulates the interest of physicians in the field of industrial health and_ stimulates 
industries to organize health and medical service for their employees. The attitude 
at present is that the industrial physician must handle the preventive medical work, 
preemployment examinations, rehabilitation, prevention of accidents and occupa- 
tional diseases, etc. He also gives, in industry, medical care to those workers who ask 
for it. The workers have to pay for the medical care, usually with the assistance 
of the voluntary Swedish health insurance. 

In many places, however, industry is paying the part of the medical service 
that is not covered by the health insurance. In this way the workers have an efficient 


medical service, easily available, with the least possible loss of time to industry and 
themselves. 


Since 1939 the Swedish Employers’ Confederation has had a physician as 
medical expert and adviser. One of his main tasks is to assist industries to organize 
their health and medical service. Conferences are now arranged annually by the 
Swedish Employers’ Confederation with representatives from industries and from 
the industrial physicians. 


29. Bjerner, B.; Holm, A., and Swensson, A.: On Night and Shift Work, Stat. Offentl. 


Utredn. 51:87, 1948. 


30. Bjerner, B.: Alpha Depression and Lowered Pulse Rate During Delayed Actions in a 
Serial Reaction Test: Study in Sleep Deprivation, Acta physiol. scandinav., Supp. 65, 1949, 
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Among the Scandinavian countries the industrial physicians’ organization has 
been best developed in Norway, where, at the beginning of 1952, health service was 
heing given to 160,000 workers by 200 to 300 industrial physicians, according to 
plans of this organization. The total labor force in Norwegian industries is about 
200,000, and the population is about 3,000,000. Sweden and Finland had _ the 
great advantage of Norway's experience when their industrial physicians’ organiza- 
tions were developed. 

To raise the standard of health and safety in an industry, it is necessary to 
have close cooperation between management and labor. In the Swedish Work- 
men’s Protection Law it is stated that in every working place with more than 50 
employees a joint safety committee should be established. The safety committee 
usually consists of the safety engineer, the personnel officer, the industrial physician, 
and representatives of management, foremen, and workers. When the safety 
committee is functioning in the right way, it is an extremely useful tool to raise 
the standard of health and safety. The Swedish Employers’ Confederation and 
the Labor Union organized a joint committee on health and safety in 1942 and 
established a permanent office for this organization in 1945. It is extremely useful 
to have a top-level cooperation of management and labor in the field of health and 
safety, and this cooperation is of great help to industrial physicians. 

Looking over the present situation of industrial medicine in Sweden, it is 
possible to pomt out a few problems that probably will be very important in the 
near future. Sweden has had the same experiences as other countries ; for instance, 
absenteeism due to sickness was mostly caused by nonoccupational diseases and 
only to a small extent, perhaps 10 to 20%, by accidents and occupational diseases. 

The industrial physicians may play a still more important role in reducing 
absenteeism due to nonoceupational diseases than in reducing absenteeism due to 
accidents and occupational diseases. This indicates the need for the application 
of general preventive medicine to industrial conditions and the present need for 
more industrial physicians. 

To prevent occupational diseases, it will be necessary to develop further the 
technical registration of the occupational hazards and the technical side of the 
prevention of such hazards. Two engineers with the Department of Occupational 
Health of the National Institute of Public Health have recently, on Rockefeller 
grants, taken the Master of Science degree, with special reference to industrial 
hygiene, at Harvard and Pittsburgh universities. Their experience and training will 
be of great help in developing the technical side of the prevention of occupational 
diseases in Sweden. 

Accident frequency in Sweden has increased during the last 10 years. At 
present about 300,000 accidents at work, including accidents on the way to or from 
the place of employment, occur annually in Sweden, which means an average of 
about 14 accidents per 100 man-years (70 per 1,000,000 man-hours). On analysis 


of these figures, it is obvious that the increase in number of accidents is mostly due 


to minor accidents, with an absenteeism of less than one or two weeks. Considering 
this high accident frequency, especially in relation to industrial conditions in the 
United States, it is important to know that when an accident causes more than 
two days’ loss the employee may get a benefit, tax free, of about 85% of his 
total pay. 
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If one compares the accident frequency in Sweden and in the United States, 
the Swedish figures are roughly about three to five times higher than in the United 
States, both totally and within different occupations. This difference is due almost 
exclusively to a greater amount of minor accidents in Sweden, and the frequency 
of fatal accidents and of those with permanent disability is, on the average, some- 
what less in Sweden than in the United States. 

However, one of the most important future problems in Sweden is to reduce 
4 the number of accidents and days lost. In my opinion, three preventive measures in 
this field are of the greatest importance : 

1. Better placement of workers according to the physical and mental demands 
of the job and the workers’ qualifications to fulfil these demands. 

2. Better instruction and education about safety for workers, especially new 
employees. 

3. Better replacement and rehabilitation after accidents to reduce the number 
of days lost. 

The experience of a Swedish metal industry shows what can be done in this 
field by an experienced industrial physiciam. The total accident frequency was 
about 40 per 100 man-years, and the frequency of accidents causing lost days was 
about 4+ per 100. In the case of all other accidents, the workers were replaced at : 
once, or within the same day, on the same job or on a special job that would fit 


in with their temporary disability due to the accident. ' 

With the increasing average life span of the Swedish population, there has been i 
a change in the distribution of age groups during the last 20 years. An increasing : 
industrialization has also caused a transfer of people from agriculture to industry ' 
during the last 50 to 100 years. These two conditions will make the health and } 
social problems of older industrial workers very important very soon. It will thus : ; 
be essential to know the physical and mental working capacity of older workers i 
and the factors that will influence it. A study of the placement of older workers in ? 


several Swedish industries and of their health status is now being undertaken in 5 
cooperation with the industrial physicians of these industries and the Swedish 
Employers’ Confederation. 


It will be of the greatest importance to study not only the physical but also ‘ 
the mental health aspects of this problem. Mental health in industry has in Sweden, t 
as in many other countries, aroused great interest on the part of management and i 


industrial physicians during the last five years. A study of the incidence of nervous 
disturbances and misadaptation among workers in different industries of the 
same type as studied abroad would be of great interest. The results and con- 
clusions from the preventive aspect of such a study would be of value. In relation 
to this study it would be important to find out more about the mental demands of 
different kinds of work, taking into consideration responsibility, monotony, etc., 
and the qualifications of different types of personalities necessary to fulfil these 
demands. The problem of alcoholism in industry is of importance in Sweden. In 
order to solve the problems of mental health in industry, well-experienced industrial 
physicians, who have the assistance of industrial psychiatrists, psychologists, and 
sociologists, will be of the greatest value. 
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COUNTING OF DUST PARTICLES BY PHASE MICROSCOPY 


GERMAIN CROSSMON, B.S. 
ROCHESTER, N. Y. 


UST PARTICLES are usually counted by use of the light-field microscope, 
employing either a 7.5 or 10% ocular in combination with a 10 objective. 
Soth achromatic and apochromatic objectives have been employed, their numerical 
apertures (N. A.) designated as 0.20, 0.25, and 0.30. The type and numerical 
aperture of the substage condenser used is not always given. Williams ' and Brown * 
both suggest an aplanatic condenser, with a numerical aperture of 1.40. However, 


Brown * suggests removing the top lens, which would result in a lower numerical 


aperture. Drinker and Hatch * also suggest the use of an aplanatic condenser, 
giving its numerical aperture as 1.20. Bloomfield and DallaValle,* on the other 
hand, employ an Abbe condenser, but they do not state whether it is a two or three 
element or how many of the elements are used. The light source, light filters, and 
method of illumination are also not always indicated in publications. Drinker and 
Hatch * employ a 75-watt microscope lamp with a daylight filter, and the condenser 
is racked down to increase the contrast between the particles and the light back- 
ground, Williams! also uses a 75-watt lamp, indicated in his publication as a 


substage lamp. Bloomfield and DallaValle * suggest as a source of illumination an 


ordinary small electric microscope lamp, lowering the Abbe condenser below the 
usual focusing point and restricting the opening in the iris diaphragm. Micropro- 
jection methods of counting have necessitated strong light sources. Carbon are, 
6-volt ribbon filament lamps and tungsten ares have been employed. Brown ? 
suggested the use of a 30-ampere, 11-volt photomicrographic lamp with a C-2 
tungsten filament in a PS-22 clear bulb. This lamp produced an illumination of 
14 foot-candles (f. ¢.) on a surface 9 cm. from the vertical face of a prism used on 
a microscope equipped with a 16-mm. objective and a 30 eyepiece. 


Various collecting media and counting cells have been suggested for dust count- 


ing. Dust-free distilled water was originally used as a collecting agent. Since many 


dust particles are soluble in water, ethyl alcohol was suggested as an alternative. 


From the Chemical Research Laboratory, Bausch & Lomb Optical Co. 

1. Williams, C. R.: A Method of Counting Samples Taken with the Impinger, J. Indust. 
Hyg. & Toxicol. 21: 226-230, 1939. 

2. Brown, C. E.: Midget Microprojector for Dust Determinations, Report of Investigations 
3780, U. S. Department of the Interior, Bureau of Mines, 1944. 


3. Drinker, P., and Hatch, T.: Industrial Dust, Ed. 1, New York, McGraw-Hill Book 
Company, Inc., 1936. 

4. Bloomfield, J. J., and DallaValle, J. M.: The Determination and Control of Industrial 
Dust, Bulletin 217, U. S. Treasury Department, Public Health Service, 1935. 
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Both normal and isopropyl alcohol have been added to the list. In addition to the 
original Sedgwick-Rafter cell, 1 mm. in depth, other counting chambers are com- 
monly used. The Dunn ° cell is also 1 mm. in depth but consists of two parts of 
pyrex® glass, one of which is a glass plate ground on both surfaces with a central 
hole 1 mm. in depth. An optically flat polished slide completes the arrangement. 
Hatch and Pool ® suggest the use of a shallow cell, 0.25 mm. in depth, which has 
the advantage of a shorter settling time than the 1 mm. cell has. Williams! and 
Ohlheiser and Lawrence ? make use of a hemacytometer 0.1 mm. in depth, with a 
ruled counting area and thus do not employ the usual Whipple micrometer disk. 

The foregoing information indicates some variation in the equipment and technic 
employed for counting dust particles. We would thus expect slightly different counts 
on the same material, dependent on the equipment and technic employed, especially 
in the case of colorless particles of low refractive index and small particle size. This 
is especially true with reference to such variables as the position of the substage 
condenser and aperture of the iris diaphragm, which determine to a large extent 
the number of particles visible to the eye. Dust particles difficult to resolve at focus 
are often examined at slightly above or below focus by the Becke line method. 
Long periods of counting by such.difficult technics often lead to errors due to eye 
fatigue. As Hatch and Pool ® express it, “The limit in visibility in the light-field 
microscope is not well defined ; it varies especially with eye fatigue and the greatest 
care is required to detect the presence of many particles which are revealed only 
as vague shadows.” 

The use of the phase microscope for dust counting should offer a method that 
could be more accurately controlled than that of the light-field microscope with 
reference to equipment and technic. When this instrument is employed the position 
of the substage iris diaphragm must be a constant, being at full aperture. The posi- 
tion of the substage condenser is also a constant, being located at a_ position 
so as to focus sharply the condenser annulus diaphragm in the plane of the 
objective annulus. The method of illumination and intensity of the light source 
should preferably always be the same, although slight variation in light intensity 
or departure from Kohler illumination is not nearly as critical with phase as with 
light-field illumination. Dust particles can be more readily seen and counted with 
less fatigue than by light-field methods, and the results obtained should correspond 
more closely to the light-field allowable concentrations than is possible by dark-field 
illumination. The following equipment and procedure are suggested. 

The dust is collected in either a Greenburg-Smith impinger or a midget impinger 
in either isopropyl alcohol (n = 1.377) or propyl alcohol (n = 1.385). The differ- 
ence in index between the two alcohols is so small that we would not expect any 
variation in counts made with the phase microscope due to that factor. The use of 
distilled water as a collecting medium is objectionable because of the greater solu- 
bility of certain dust particles in water than in the alcohols. A blood-counting 
chamber (improved Neubauer ruling) with a cell depth of 0.1 mm. as recommended 


5. Dunn, K. L.: Note on an Improved Cell for Dust Counting, J. Indust. Hyg. & Toxicol. 
21: 202-203, 1939. 

6. Hatch, T., and Pool, C.: Quantitation of Impinger Dust Samples by Dark-Field Micros- 
copy, J. Indust. Hyg. & Toxicol. 16:177-191, 1934. 

7. Ohlheiser, H. R., and Lawrence, L. B.: Dust Counting: A Simplified Technic, J. Indust. 
Hyg. & Toxicol. 22:472-476, 1940. 
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by Williams ' and Ohlheiser and Lawrence * can be used in the case of high dust 
concentrations. However, for low dust concentrations the number of particles per 
field is not usually sufficient for accurate results. In the latter case, a counting 
chamber 1 mm. in depth, such as the Sedgwick-Rafter or Dunn ° cell, should be 
employed. If a blood-counting chamber is used, it should be filled by means of a 
special pipette, as designed by Ohlheiser and Lawrence.” This pipette is constructed 
from a capillary tube of about 1 mm. inside diameter, drawn out in a piece of 6 mm. 
outside diameter glass tubing. A shoulder is formed on the large end, and an ordi- 
nary dropper bulb is slipped over it. In use, the counting chamber cover glass should 
be placed across the platforms of the chamber. The dust in the impinger is then 
thoroughly mixed with the alcohol and a sample obtained from the impinger with 
the pipette. The tip of the pipette is then applied to the platform of the counting 
chamber and by means of slight pressure applied to the bulb of the pipette the liquid 
allowed to run under the cover glass to fill the cell. The counting chamber is then 
transferred to the stage of the microscope and, after allowance of a settling time 
of two minutes, the count is determined. It is suggested that dust particles be 
counted in the same area as used for blood counting and as recommended by Wil- 
liams,' which is a field of the smallest 16 squares (each 50 » on a side) bounded by 
triple boundary lines. For more accurate results, a number of these fields should 
be counted and an average determined. Computation can be made exactly as sug- 
gested by Williams.’ The total field of 16 squares each 50 » on a side has an area 
of 0.04 sq. mm. Since the depth of the cell is O.1 mm., the total volume of sample 
counted in a given field is 0.004 cu. mm. To get the number of particles per cubic 
nullimeter, the number of particles per field is multiplied by 250. This figure is then 
multiplied by 1,000 to determine the number of particles per cubic centimeter. The 


following formula, as given by Williams,’ can be used to compute the number of 
particles per cubic foot of air sampled. 


Nx VP X 250 x 1,000 
N = number of particles per field 


= total volume of sample 

T = time of sampling in minutes at 1 cu. ft. per minute for the Greenburg-Smith impinger 
or 0.1 cu. ft. per minute for the midget impinger. This figure equals the number of cubic feet 
of air sampled. For example, a sample collected for 20 minutes at 0.1 cu. ft. per minute, 
diluted to 20 ml., averaged 20 particles per field. In the formula below : 

20% 250 1,000 — §().000,000 particles per cubic foot of air. 

A 10% (0.25 N. A.) achromatic dark-contrast phase objective is employed for 
counting in combination with a 25 compensating eyepiece. This combination is 
based on the fact that the resulting magnification should not ordinarily exceed 1,000 
times the numerical aperture of the objective. s there are available a number of 
types of phase objectives, standardization must be made on one type. The 10x 
(0.25 N. A.) dark-contrast phase objective, having a phase-accelerating annulus of 
', wave length of green light and a transmission of 15 to 20%, is suggested. The 
condenser employed should be a long working distance condenser of N. A. 0.70. 
Although a long working distance condenser is not essential for use with the 10x 
objective, it is usually necessary if higher magnification phase objectives, such as 
the 21« (0.50 N. A.) or 43 (0.05 N. A.), are used. These objectives are of 
value for more accurate measurement of particle size than is possible with the 10x. 
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To set up the microscope for use, it should be first focused on the dust particles 
in the counting chamber employing the 10x phase objective. The annular stop for 
10 objective is then inserted in the stop-holder, the eyepiece removed, and the 
auxiliary telescope placed in the tube of the microscope. By means of the telescope, 
focus is made on the gray ring pattern at the back focal plane of the objective. The 
brightly illuminated image of the annular stop also appears in the same field of view 
and should be focused sharply in the plane of the gray ring by means of the rack- 
and-pinion adjustment. The condenser must be adjusted to a height to perfectly 
register the two annuli patterns. Final adjustment of the concentricity of the annuli 
can be made by use of centering screws. If the condenser annulus diaphragm is not 
uniformly brightly illuminated, a slight readjustment of the plano mirror may be 
necessary. The telescope can now be removed and the 25x eyepiece replaced for 


Hemacytometer containing quartz particles in isopropyl alcohol as observed with a 10 x 
(0.25 N. A.) dark-contrast phase objective and a 25x compensating eyepiece. 


counting. The choice of microscope illuminator selected for use is not too important. 
However, it should be capable of filling the field of the 10 objective and be 
equipped with a holder for a Wratten green filter and ground glass. A spherical 
microscope illuminator with a spherical condenser, 100-watt bulb, and filter holder 
has proved satisfactory. 

If an uncalibrated dust-counting cell, such as the Sedgwick-Rafter or Dunn 5 
cell, is employed, the usual calibration of the eyepiece micrometer is necessary by 
use of a stage micrometer. A Page disk specifically designed for dust counting, 
consisting of a ruled square of 3.5 mm. side measurement divided into 25 small 
squares, is preferred to the usual Whipple micrometer disk for use in the 25x 
ocular. After insertion of the disk into the ocular, it may be found necessary in 
order to accurately focus the disk to unscrew slightly the upper part of the ocular 
containing the eye lens. 


8. Page, R. T.: Note on a New Ocular Micrometer for Use in Dust Counting, Pub. 
Health Rep. 52:1315-1316, 1937. 
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Particle size measurements can be made by substitution of a filar micrometer 
eyepiece for the 25> ocular. According to Richards * and my own observations, more 
precise measurements can be made with phase microscopy, owing to the sharp 
edges of specimens free from indefinite diffraction patterns. Also because of their 
definite edges, one can more readily determine whether a particle observed is single 
or aggregate. 

RESULTS AND COMMENT 


As observed with a green filter, dust particles including the smaller size can be 
distinctly seen at focus, appearing in shades of gray or white, dependent on their 
optical path (refractive index > thickness), on a green background. Small par- 
ticles usually appear gray and large particles white, the white appearance usually 
due to the greater thickness of the large particles. If an all-glass blood-counting 
chamber is employed, the etched rulings of the cell are distinctly shown, appearing 
as bright lines on a green background. 


SUM MARY 

A method of counting dust particles has been suggested, employing a 10x 
(0.25 N. A.) dark-contrast phase objective in combination with a 0.70 N. A. long 
working distance phase condenser, a 25> compensating ocular, and a green filter. 
Dust particles can be more distinctly seen and accurately counted with less fatigue 


than by the usual light-field method. Dust particles appear in shades of gray or 
white, dependent on their optical path (refractive index >» thickness), on a green 
background. The usual counting chambers, such as the Sedgwick-Rafter cell, Dunn 
cell, and blood-counting chambers, can be employed. If an all-glass blood-counting 


chamber is used, the etched rulings appear as bright lines on a green background. 


Frank Schrader and William VandeMark, of Bausch & Lomb Optical Co., 
technical assistance. 


rendered 


9. Richards, O.: Photomicrography with the Phase Microscope, Photographic Soc. America 
J. Sec. B 16:94-96, 1950. 
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OCCURRENCE OF ANTHRAX BACILLI IN THE CARPET-WOOL 
INDUSTRY IN THE UNITED STATES 


ROBERT S. LLOYD, MS. 
CINCINNATI 


NTHRAX, a disease caused by the bacterium Bacillus anthracis, is usually 

associated with herbivorous animals such as sheep, goats, swine, and cattle in 
addition to various jungle,’ forest,? and menagerie animals.* Man ts also susceptible 
to the disease, the origin of which in his case is usually referred to as either indus- 
trial or agricultural; however, cases of unexplained origin have also occurred, 
Three types of anthrax infection are known in man: (a) cutaneous, (/) pulmonary 
(woolsorters’ disease), and (¢) abdominal or intestinal. The cutaneous type of 
infection, characterized by the malignant pustule, has been found in the majority 
(98% ) of the reported anthrax cases in the United States during the past 20 years. 
Pulmonary and intestinal cases,* although rare in this country, have also occurred 
within the past few years. 

The incidence of industrial anthrax in this country, which has increased con- 
siderably in the past years as compared with that of agricultural anthrax, constitutes 
an important public health problem which has led to the need for a comprehensive 
investigation to determine the cause and etfect of the occurrence. This was under- 
taken in 1948 by the Division of Occupational Health, then the Division of Industrial 
Hygiene, United States Public Health Service, with the ultimate objective of 
recommending adequate control procedures. The major phases of this investiga- 
tion included: (a) epidemiostatistical studies on the incidence of industrial anthrax 
among workers by industry and state and (>) laboratory and field studies to 
determine the relative extent of anthrax contamination in various types and classi- 
fications of imported animal materials, such as wool, hair, hides, and skins, the 
origin of such products, and the influence of residual plant contamination on the 
epidemiology of industrial anthrax. 

Presented before the American Conference of Governmental Industrial Hygienists, April 
21, 1952. 

From the Bacteriology Unit, Field Headquarters, Division of Occupational Health, United 
States Public Health Service. Mr. Lloyd is now with the Bacteriology Section, Environmental 
Health Center, United States Public Health Service, Cincinnati. 

1. Seidman, R. M.: Anthrax in Elephants, Queries and Minor Notes, J. A. M. A. 
134:1140 (July 26) 1947. Seidman, R. M., and Wheeler, K. M.: Human Anthrax from Ele- 
phant Tusks, ibid. 135:837-838 (Nov. 29) 1947. 

2. Greener, A. W.: Anthrax in Mink (Mustela Vison), J. Hyg. 39:149-153 (March) 1939. 

3. Verge, J., and Placidi, L.: Anthrax Fever in Menagerie Animals, Compt. rend. Soc. 
biol. 116:718-719, 1934. 


4. Cowdery, J. S.: Primary Pulmonary Anthrax Septicemia, Arch. Path. 43:396-399 
(April) 1947. 
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The findings of the epidemiostatistical study on the significance of industrial 
anthrax in the United States have been reported by Wolff and Heimann.’ This 
report revealed that the origin of industrial anthrax in this country since 1939 is 
found primarily in the industrial handling of hair and wool. Further, the report 
showed that in the wool and hair industry more than 90% of the cases of indus- 
trial anthrax reported over the past 10 years were found in the carpet-wool industry. 
This industry was reported to comprise in 1947 approximately 95 carpet-wool 
plants, of which 85 were located in the New England and Middle Atlantic states. 

Carpet wool is almost entirely imported from foreign countries, the larger 
portions coming from countries of South America, particularly Argentina, from 
\ustraha and New Zealand, and from India, Pakistan, and countries of Western 
Asia. This survey ° further showed that during the period 1940-1949 approximately 


172,000,000 Ib. of coarse wool were imported from these countries, of which 


TABLE 1.—IlV ool 
Warehouse Storage of Raw Wool 
(100-1,000 Lb. Bales) 


Opening of Bales and Separation 


of Wool by Hand 


Dusting by 
Picker Machine 


Scouring Blending 
L j 


— 


Drying 


7 
Raw Stock Dyeing Otling 


I = Carding 

( arding Spinning 

Spinning Scouring 

Weaving Skein Dyeing 
Drying 


W caving 


43,000,000 Ib. were utilized by the carpet industry. Of primary importance is the 
fact that since many of the areas from which carpet wool is unported contain a 
high incidence of anthrax, which occurs endemically, the importation to this country 
of potentially contaminated wool and hair from these areas is directly related to 
the incidence of industrial anthrax in the United States. 

In view of the foregoing, therefore, it was decided to concentrate the field and 
laboratory phases of the anthrax investigation on the carpet-wool industry. Conse- 
quently, field trips were conducted to representative carpet-wool plants in five 
eastern states to (a) determine the type and source of materials to which workers 
were exposed, (/) ascertain how the wool is handled and processed, and (c) collect 
a number of wool and hair samples to be used in the development of a procedure 
which could be employed in the examination of a large number of these materials 
for the presence of anthrax. Included with the wool and hair samples were 52 


in-plant samples, consisting of dust, slime, lint, wool- and skin-scraps, and water, 
which were collected for studies on residual plant contamination. 


5. Wolff, A., and Heinmann, H.: Industrial Anthrax in the United States, Am. J. Hyg. 
$3:80-109 (Jan.) 1951 
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The examination of these samples for the presence of anthrax organisms as well 
as for the development of a practical examination procedure constitutes the labora- 


tory phase of the present investigation. 
It has been stated ® that practically all the cases of anthrax infection found in 


the hair and wool industry occur in connection with the processes prior to the 


weaving and finishing operations. Since these processes are important as sources 


of anthrax infection, it seems desirable at this point to describe some of those 


generally employed in the carpet-wool industry. These operations are illustrated 
in Table 1. 
In brief, the raw wool arrives at the carpet-wool plant in bales weighing from 


100 to more than 1,000 Ib. The bales are usually covered with jute or burlap and 


held together by strips of metal. The bales are opened by the worker and the wool 


separated manually. Picker machines are then employed to free the wool from 


dust and debris and to open the fibers. At this point, the wool may be either 


scoured or blended. After scouring and drying, the wool is generally dyed, but 


this process may be delayed until after it has been carded and spun. Carding ot 


the dyed wool, the next process, is the first procedure in which the wool is spun 


into yarn. After carding, the cards or rollers are placed on a spinning frame 


which spins the wool fibers into yarn. The yarn is then woven into the desired 


type of fabric or carpet. 


METHODS 


In attempts to develop suitable screening methods for the examination of 
anthrax-contaminated materials, the \scoli precipitin test, animal scratch tests, and 


a cultural procedure were tried. None of these tests proved satisfactory under the 


conditions in which they were employed. 


Various other methods tried for recovering anthrax spores consisted of suspend- 


ing and heating wool and hair samples in different emulsifying solutions (KOH, 


LiOH, NasCOs, and sulfonated detergents). Results of these tests demonstrated 


that these agents had little effect on the viability of anthrax organisms. Conse- 


quently, the suspension of wool samples in an emulsifying agent prior to bacterio- 


logic examinations was utilized in the final studies. Owing to its availability. 


nontoxicity, and ease of preparation, a hydrocarbon sulfonate detergent was selected 


for routine use as the emulsification agent. 


Three other methods for recovering anthrax spores and cells from contaminated 


materials such as wool and hair were also tested for routine use. These included 


two methods by Jones * and one by Stein.’ Jones's first method consisted of heat- 


ing the sample suspensions at 65 C. for five minutes, followed by animal injections 


of centrifuged portions of the heated suspension. Stein's method differed in that 


phenol was employed in place of heat to kill any extraneous organisms. The latter 


method, however, was discontinued after a number of sample examinations owing 


to constantly negative results. 


The third procedure, described by Jones, was a cultural method which consisted 


of the recovery of anthrax organisms from contaminated materials by plating out 


. 


the heated suspensions. This was the 


‘sandwich-agar” plate method. 


6. Jones, E. R.: The Isolation of B. Anthracis from Industrial Material with Special 
Reference to the Resistance of the Spores to Heat, J. Path. & Bact. 54:307-314 (July) 1942. 


7. Stein, C. D.: Studies and Observations on the Laboratory Diagnosis of Anthrax, Vet 
Med. 38:130-139 (April) 1943. } 
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wool and other materials mentioned above are shown in Table 2. 


MEDICINE 


The following procedures for the recovery of anthrax organisms from carpet- 


A hydrocarbon sulfonate detergent in 1% sterile aqueous solution (duponol® MP-189) was 


employed as an emulsifier of the samples for fats, oils and other organic materials. 


The sample suspension was prepared by weighing 7.5 gm. of material to be examined into 


150 ml. of emulsifier solution 


by the preparation of serial dilutions. These dilutions were made by transferring 1.0 ml. of 
20 dilution) to 9.0 ml. of sterile saline (1: 200 dilution); 1.0 ml. of 


TABLE 2 


the heated suspensions (1 


Preparation of Sample Suspension 
7.5 Gm. of Material Suspended in 150 ML. of 


Mechanical Shaking 


Stein's culture method 
in phenol 


0.1 ml. of suspension 
added to 10 mi. of 2% 
or 5% phenol 


Suspensions allowed to 
stand at room temp. for 
or CO min. respec 
tively 


Streak plates prepared 

2.3 drops of suspension 
streaked on agar plates 
Plates incubated at 37 ( 


Heating of suspensions in water-bath and cooling 


(20 min.) 


(65 C. for 5 min.) 


% Aqueous Emulsifier Solution*® 


Mouse injection 
with 1.0 ml. of 
the suspension 


Autopsy of dead 
(Procedure A) 


Mouse injection 
with 1.0 ml. of 
first dilution 


| 
Autopsy of dead 
mice 


(Procedure A) 


Serial dilution 
of suspensions 
in saline 


Preparation of 
“sandwich-agar” 
plates 


Characteristic 
anthrax colonies 
picked and 
microscopically 


After mechanical shaking of the suspension, Stein’s phenol 
culture method was conducted. The original suspensions were then heated and cooled, followed 


Procedures Employed in the Examination of the In-Plant and Wool Samples 


Centrifugation 
(25 ml. of heated and cooled suspensions 


centrifuged for 20 min. at 2,000 rpm) 


Mouse injection 
with 1.0 ml. of 
suspension 


| 
Autopsy of dead 
mice 
(Procedure A) 


Dilution of sus- 
pensions in saline 
| 


Mouse injection 
with 1.0 ml. of 
‘first dilution 


examined Autopsy of dead oc 
for 48 hr | mice : 
Mouse injection (Procedure A) i 

Surface colonies picked 


of typical anthrax 


and put on agar slants 
incubated at 37 


cultures 
| 


Autopsy of dead 
mice 
(Procedure A) 


Mouse injection of cul 
tures characteristic of an 
thrax 


Autopsy of dead mice (Procedure A) 


Observation for 
pathological 


Preparation of 


} characteristics in 
Blood Blood 
sniears cultures | 
Liver Spleen 
Confirmation and 
i tests Presence of edema 


* Duponol® 


MP-1sv obtained from E. 1. du Pont de Nemours & Co., Wilmington, Del 


this dilution was added to another 9.0 ml. of sterile saline (1: 2,000 dilution). This was continued 

through five sucessive tubes of saline; the fifth tube finally yielded a 1: 2,000,000 dilution. < 
Centrifugation consisted of centrifuging 25 ml. quantities of the heated suspension at 2,000 

revolutions per minute (rpm) for 20 minutes. Fifteen milliliters of the supernatant was dis- 

carded, and the remaining 10 ml. of supernatant was mixed with the sediment (1:8 dilution). 

This suspension was then diluted to 1:80 with 9.0 ml. of saline. 


White Swiss mice, weighing between 25 and 30 gm., were inoculated subcutaneously (lower 
left abdominal region) with 1.0 ml. of the 1:20, 1: 200, 1:8, and 1:80 dilutions, respectively. 


Autopsy Procedures —Autopsies were performed on mice which died from the various 


injections. Other examinations consisted of preparing blood smears which were stained with 
Loffler’s polychrome methylene blue.S This imparts a blue color to the anthrax bacilli and a 


& Conn, H. J.: 


Biological Stains, Geneva, Biotech Publications, 1940. 
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reddish coloration to their capsules. Blood cultures were also made by aseptically transferring 
blood from the heart to a tube of Bacto®-A.C.* medium, and incubating the tube at 37 C. for 
24 hours. Microscopic examinations were made on tubes showing growth. 

The liver and spleen were examined for pathologic changes pathognomonic fer anthrax 
infection. A characteristic edema, usually present at the site of injection and in the surrounding 


area, was also noted. 


“Sandwich-Agar” Plates —The “sandwich-agar” plates consisted of three layers of hardened 
Bacto-infusion agar ® contained in a Petri dish. The middle layer contained 1.0 ml. of the heated 
4 sample suspension. Additional plates of the same type containing 1.0 ml. of the diluted, heat- 


treated sample suspensions were also prepared. Following incubation at 37 C. for 18 to 24 


hours, anthrax colonies, appearing as short pieces of cotton thread, were picked and cultured 


in Bacto®-A.C. medium for further identification by animal injection tests. 


Confirmation Tests —The presence of anthrax isolated from animal sources was confirmed 


through the examination of the incubated blood cultures, prepared during the mouse autopsies, 


TaBLe 3.—Incidence of Anthrax in In-Plant Samples Collected from Vartous 
Departments in Plant A 


Samples 


+ 
No No. Con 


Type of Exam taining 
Wool Processing Areas Material Collected Sites of Collection ined Anthrax 
Dat On floor beneath blending machine 
Dust-collector room On top of blender 


| 
From picker machines 13 10 
- From ledges over wool dryer 
From window ledge near blenders | 
Scouring room ............s50. Dust From wool shredders 1 0 
Slime and sludge From various scouring bowls 8 7 
Discharge water From sump tanks 1 1 
Card Ist floor...... .. Dust From beneath cards 
Wool and skin- From beneath cards 9 3 
seraps 
Spinning room—-Ist floor. Lint From spinning table 1 0 
Card room—3d floor.......... Dust From beneath ecards processing undyed 4 1 
wool 
Spinning room—3d floor...... Dust From beneath mule spinners, undyed 3 0 ' 
wool 
Water from cen From water spigot in inlet line from 2 0 i 
tral pond (raw pond | 


water) heated 
with steam to 
120 F. for seour - -— 
ing tanks 


for 
24 hours. After incubation, reexamination of the subcultures to confirm the presence of anthrax 


for anthrax bacilli, followed by subculture in Bacto®-A.C. medium and incubation at 


and mouse injection with 0.5 ml. of the subcultures were conducted. Autopsies were again 


performed on the mice which died from these injections, the heart's blood was cultured, and the 


pathologic changes in the liver and spleen, as well as the presence of edema, were noted. 


RESULTS 


The materials examined by the bacteriologic procedures described above con- 
sisted of 52 in-plant samples, comprising dust, sludge and slime, lint, wool- and 


skin-scraps, and water collected from the various departments of a carpet plant, 


in addition to 148 samples of imported wool and hair. 


Examination of the In-Plant Samples—Fifty-two in-plant samples, which had 
been refrigerated from the time of their collection in 1949, were examined between 
September, 1950, and June, 1951. The results, arranged according to the various 


operations from which the samples were taken, are shown in Table 3. 


9. Obtained from Difco Laboratories, Detroit. 
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Of the 52 samples, 18 collected from the areas containing the hand-operated 
processes showed contamination with anthrax organisms; of these, 15 were dust 
and slime samples collected from the picking and scouring room. Moreover, each 
of two dust samples from the dust-collector room as well as the single sample of 
discharge water collected from the sump tanks was positive. Four of the 29 remain- 
ing samples taken in the machine-operated process areas were positive. As a result 
of the preponderance of positive samples in the first 23 examined, it was decided 
to reexamine several of the samples found negative in the group of 29 samples taken 
from the machine-operated areas; six of these samples (wool- and skin-scraps ) 
were reexamined, and only one, which formerly gave negative results, was found 
positive for anthrax. 

Examination of Wool Samples—The examination of the wool samples was 
conducted in order to determine the country of origin of the samples contaminated 
with anthrax spores. These samples were collected during the opening of a number 
of bales of raw wool after transference to the picking room from the storage ware- 
house. The collection of the samples, however, was not done aseptically. The 
testing period of the samples occupied a six-month period (July, 1951, to January, 
1952), during which time 148 samples representing 36 different sources were 
examined at least once according to the described procedure. The results of eight 
of these samples, however, were questionable, and the samples were reexamined. 
Phe final results of the wool sample examinations are shown in Table 4. 

Of the 148 samples examined, 38 representing 14 different countries or regions 
were positive for anthrax. These included 21 of 38 samples originating from Iraq, 
3 of 23 samples from China, 1 of 10 samples from Mongolia, and 1 sample from 
Turkey. Three of 4 samples from Eire, 4 of 35 samples from South America, 
and 5 of 10 samples originating in Northern Africa were positive. On the other 
hand, 26 wool and hair samples comprising those from Sardinia, Italy, Argentina, 
Tibet, India, and South Africa were negative for anthrax. 

After the completion of the sample examinations, the procedures employed were 
evaluated as routine methods. This was based on the recovery of the anthrax bacilli, 
contained in both in-plant and wool samples, from five of the tests used in the 
procedure. These tests comprised the mouse tests in which one mouse was tested 
in each of the following procedures: (a) undiluted heated suspensions, (/) 
diluted heated suspensions, (¢) undiluted centrifugates, (d) diluted centrifugates, 
and “sandwich-agar”’ plate tests. 

The results of the sample examinations showed no uniformity in the recovery 
of anthrax bacilli among any of the tests; i. e., the positive findings were scattered 
throughout each of the five tests. Of the 52 in-plant samples examined, 22 samples 
actually were found to contain anthrax, although there were 36 positive findings of 
anthrax among the 52 samples subjected to each of the five tests. On the other 
hand, of the 148 wool and hair samples examined, 38 actually contained anthrax, 

10. There is normally about a six-month period between the time the wool arrives in the 
warehouse and the time it is processed. The time from which the wool is sheared to the time 
it reaches the warehouse, however, may involve a period of one or more years, depending on 
the type of transportation, marketing of the wool, and other circumstances. Therefore, as these 
wool samples were not examined bacteriologically until approximately two years after collection 
from the plant, it is conservatively estimated that the collected wool samples were at least 
three years old at the time of examination. 
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though there were 68 positive findings in which the anthrax bacilli were found. 
Of the entire number of in-plant and wool and hair samples, anthrax was recovered 
from all five tests in only one case. 


‘ 


TABLE 4.—Incidence of Anthrax in Imported Carpet Wool 


No. of Samples 


Anthrax 
Origin and Type of Samples Examined Examined Positive 
Argentina 
B. A. South America ; 2 0 
China 
Willowed Yengzte 1 


Seoured Yengzte . 


Washed Chekiang woo! ea 
White China ....... 0 


Chekiang carpet mixture 0 
White Chekiang . . 5 0 
Southern China 1 0 
Raw Shantung .. 1 0 

Great Britain ... 7 0 

Eire 
Irish Blackface . 4 3 

India 
Superior Vicanere white wool 2 0 

Iraq 


White Iraq fleece od 31 

White Awassi Karadi 1 

Mixed Awassi fleece 1 

Colored fleece .. 1 0 
1 
3 


Colored Awassi Karadi wool 


Mongolia 


Fleecy Wentzi hand shaken 3 0 
White washed ‘: 2 0 
Seoured white 2 1 
White pulled 1 0 
Pulled Mongolian .. ‘ : 2 0 
Northern Africa 
Washed 22 Awassi Karadi fleece. 1 0 
22 White Washed Awassi fleece 1 1 
2d Awassi Karadi... 6 2 
32 Awassi Karadi.. 2 2 
South America .... 29 4 
South Africa 
White Cape hair 2 0 
Southern Europe 2 
Sardinia 5 0 
Turkey 


Total 


Degree of Anthrax Contamination —One of the previously mentioned objectives 


of the laboratory studies was to make a rough estimate of anthrax contamination 
in any of the various in-plant and wool samples. In view of the fact that the 
laboratory studies were conducted on a qualitative rather than a quantitative basis, 
only a limited estimate of the anthrax contamination in the examined samples could 
be obtained. This is demonstrated in Table 5, in which the results of the sample 
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examinations are arranged so as to show the dilutions of the sample suspensions, 
prepared for the mouse tests and “sandwich-agar” plates, from which the anthrax 
bacilli were recovered, and the number of positive findings obtained from each 
dilution, It is obvious that the numbers in columns 3 and 4+ may often refer to 
repeated positive findings on the same sample. 


Results show that of 27 positive anthrax findings obtained from the heated and 
centrifuged in-plant sample suspensions 3 were from the undiluted heated sus- 
pension and 8 from the diluted heated suspension; on the other hand, from the 
undiluted centrifugate, 7 positive findings were obtained, whereas 9 positive find- 
ings were obtained from the diluted centrifugate. Results of the “sandwich-agar” 
TABLE 5.—Effect of Sample Dilution on Demonstration of Presence of Anthrax 

Bacilli in In-Plant and Wool Samples 


No. of Positive Findings 
of Anthrax Baeilli in 
Sample 2 In-Plant 148 Wool 
Treatment of Sample Suspensions Dilutions* Samples Samples 
Original heated suspension 
Undiluted 23 


Diluted 


Centrifueate of heated suspension 
Undihited 


Diluted 


“Sandwich agar” plates 


2,000 
S000 
20,000 
187500 


200,000 
10 


* These dilutions are based on the quantities of samples weighed into 150 ml 


diluent for each sample 
t No tests were conducted at this dilution 


plates, prepared from the original in-plant heated sample suspensions, show that 
anthrax bacilli were recovered from four samples diluted to 1 : 975, 1: 2,000, 1: 8,000, 
and 1: 187,500, respectively ; four additional samples diluted to 1: 20,000 and two 
samples diluted to 1: 200,000 also yielded anthrax bacilli. 

Kor the wool samples, 23 positive findings were obtained from the undiluted 
heated suspensions and 15 from the diluted heated suspensions, whereas 18 positive 
findings were obtained from the undiluted centrifugates and 17 from the diluted 
centrifugates. On recovery of anthrax bacilli from the “sandwich-agar” plates there 
were three positive findings from the 1: 200, 1: 800, and 1: 20,000 dilutions, 
respectively, and seven positive findings from the 1: 2,000 dilution. 


The foregoing results indicate that some of the examined samples contained a 
relatively high degree of contamination. 


This is based on the positive findings of 
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anthrax in the dilutions employed in the preparation of the 


‘sandwich-agar”’ plates. 
For example, from the two positive findings of anthrax obtained from “sandwich- 
agar” plates prepared from 1: 200,000 dilutions of two of the heated sample 
suspensions, calculations show that these two samples contained roughly 6 « 10° 
anthrax bacilli at least per 7.5 gm. of material, assuming that only one anthrax 
colony was found in each of the 1: 200,000 dilution plates. In general, however, 
more than one colony was found. 


COMMENT 
Since 1919 there has been definite evidence pointing to imported wool and hair, 
particularly the former, as one of the causal factors of industrial anthrax. A sta- 
tistical survey by Wolff and Heimann,’ published in 1951, showed that the importa- 
tion of such materials as animal hair and carpet- and apparel-wool has increased 
to the extent that the average annual quantities imported for the years 1944-1949 
were, respectively, 20%, 43%, and 121% higher than the average found during 
the period 1919-1949, Further, this study showed that since 1940 more than 
50% of the wool used in the apparel industry was of foreign origin and was 5 
to 10 times greater than the amount of carpet wool consumed in this country. 
From this, one might anticipate that many more cases of anthrax would occur in 
the apparel-wool industry than in the carpet-wool industry. The exact opposite, 
however, occurred. The reason for this lies in the fact that, according to Wolff 
and Heimann,* the greater proportion of imported carpet wool originates in areas 
where anthrax occurs continually in an endemic state, whereas imported wool for 
the apparel industry originates from less contaminated areas. In more than 90% 
of the cases of mdustrial anthrax reported in the wool industry in this country 
in the past 10 years, information was available concerning the specific industry 
involved. In every instance the industry concerned handled carpet wool. 

The carpet-wool industry imports most if not all of its wool from foreign 
countries, with the larger proportion originating in South America, Western Asia, 
China, Africa, India and Pakistan, and Southern Europe. With the exception of 
South America, which is not entirely free of anthrax, all the countries mentioned 
are known as “dangerous wool areas” in that they all have a relatively high inci- 
dence of anthrax. Ayyer,'' who made a comprehensive study on the incidence of 
anthrax in industrial materials, has stated that of the total wool production of the 
world 5% is estimated as being contaminated with anthrax and that nearly half 
of this contaminated material comes from India, East Indian goat hair being 
contaminated to the extent of 33 of the samples examined, East Indian Kashmir 
to the extent of 19%, and East Indian wool to the extent of 11.6%. 

Plant Contamination —Results of in-plant sample examinations indicate the 
possibility of infection from contact with various types of anthrax-contaminated 
materials found in different departments of the carpet-wool plant. Moreover, the 
probability of becoming infected with anthrax appears to be greater in the areas 
where the raw carpet wool is first treated. This conclusion is supported by the 

ll. Ayyer, V. K.: A Preliminary Note on the Incidence of Anthrax Infection in Industrial 
Materials Such as Hides, Skins, and So Forth, with Special Reference to the Possibility of the 
Source of Such Infections, Tr. Far Eastern A. Trop. Med. 2:496-507, 1927; abstracted, Bull. 


Hyg. 5:161 (Feb.) 1930. 
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finding that 71% of the dust samples alone which were found to contain anthrax 
originated in the picking and dust-collector rooms where the raw wool is processed 
almost entirely by hand. The fact that all but one of the sludge and slime samples 
from the scouring bowls were positive, in addition to the one positive discharge- 
water sample, demonstrates another site of potential infection, although to a less 
degree in these machine-operated processes than in the hand-worked operations. 
This finding emphasizes at least the desirability of treating the waste water after 
it has been released from the plant. The carding rooms were other areas oi 
potential anthrax infection, as shown by the finding of anthrax in certain of the 
dust and wool- and skin-scrap samples. 

Although the number of in-plant samples examined was limited, the results 
were sufficiently consistent to indicate that residual or plant contamination is a 
serious source of anthrax infection, and the cases of human infections which have 
been encountered in the past reveal that an important problem exists in the need 
of protecting the workers employed in areas where raw wool is processed. 

(ne as yet unexplained fact in this connection, however, which should not go 
unmentioned, is that the larger number of anthrax infections occurring in the carpet- 
wool plants are of the cutaneous rather than the pulmonary type known as wool 
sorters’ disease. Why this occurs is not known. 

Anthrax in Carpet-Iool.—Statistical data are available showing that the greater 
proportion of the 43,000,000 Ib. of carpet wool imported annually comes from 
\siatic countries, including India and Pakistan. In these areas anthrax is known 
to be endemic. Proof that viable anthrax organisms arrive on wool imported from 
these areas into this country for processing in the carpet industry has been amply 
adduced in these studies. The bacteriologic examination of imported wool samples 
taken directly from the bales immediately upon opening‘at the start of the wool 
processing showed that, on the average, 1 of every 4 samples of the 148 taken 
Was positive for anthrax. Twenty-six per cent of the wool samples originated in 
Iraq, a dangerous wool area; of these, 55% were positive for anthrax. MacDonald,"* 
in a study on the prevention of anthrax infection in wool textile processing, states 
that certain lots of foreign wool ot Iranian origin have been found so heavily infected 
with B. anthracis that it has been possible to recover the organism on random 
cultures from the raw wool in a considerable number of instances. Of the samples 
examined from China and Mongolia, which comprised 22% of the total, 12% were 
positive for anthrax. Unfortunately, however, the number of collected wool samples 
which had originated in other dangerous wool areas, such as Southern Europe, 
Northern Africa, Tibet, Turkey, and India, comprised in all only 22% of the total 
(results from any one of these countries, consequently, are less reliable) ; approxi- 
mately 15% of this group showed the presence of anthrax. 

Wool samples examined from South America, Great Britain, Eire, and South 
Africa represented another 30% of the total number of samples. These regions, 
with the exception of parts of South America, represent areas where anthrax has 
been controlled to various extents. The finding of anthrax in some of the wool 
samples originating in South American areas other than Argentina indicates that 


12. MacDonald, I.: The Prevention of Anthrax Infection in Woolen Textile Processing, 
J. Indust. Hyg. & Toxicol. 18:357-362 (June) 1936. 
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anthrax in these areas is not completely controlled. The occurrence of anthrax in 
three of four wool samples from Eire was somewhat surprising in view of the 
reported anthrax control in that country ; however, it was reported that an outbreak 
of anthrax in Eire had occurred during the investigation. There is the possibility, 
on the other hand, that imported wool which was formerly free of anthrax spores 
may become contaminated from other sources. This is pointed out by Hailer and 
Heicken,’® who feel that there is a real possibility of anthrax spores being spread 
mechanically from infected hides and skins to other materials of this type during 
transport and in warehouses. ‘ 

It is believed, as a result of these studies, that repeated collection and exami- 
natian of wool samples from various countries should be made in order to provide 
a better estimate of the degree of anthrax contamination in imported carpet-wool 
from the ditferent global areas. 

Procedures for Recovery and Isolation of Anthrax——Methods tor the recovery 
and isolation of anthrax organisms from contaminated industrial materials presented 
some unusual problems. The Ascoli precipitin test, which is probably one of the 
best-known procedures for the diagnosis of anthrax disease, was originally developed 
for the serologic testing of extracts of organs obtained from infected animals, in 
which the anthrax bacilli are in the capsular form and thus vield the precipitating 
substances for production of positive Ascoli tests. It is more probable in the 
present instance, however, that the anthrax organisms are in the spore stage as a 
result of exposure of the organisms to the air. It would seem, therefore, that the 
probability of obtaining positive precipitin tests from extracts of materials contain- 
ing anthrax spores would be greatly reduced, since the precipitating substances 
formerly found in the capsular material may not be extractable from the spore. 
This is indicated by the lack of consistency in the results of the Ascoli precipitin 
tests mentioned in this paper. 

The inetfectiveness of the Ascoli test in determining the presence of anthrax 
in other types of industrial materials was also reported by Hailer and Heicken."* 


These investigators examined extracts of sheepskins and goatskins for antigens 
of B. anthracis by the Ascoli test and found a very small proportion of positive 
reactions. They accordingly concluded that this test was unsatisfactory for the 
detection of anthrax in infected skins. Hausam,'* in a study of the anthrax problem 
in the leather industry, employed the Ascoli test on a number of anthrax-infected 
hides and isolated anthrax bacilli from only 25% of those found positive by the 
Ascoli test. He reported that negative Ascoli tests may be obtained if the number 
of anthrax bacilli is small and that false positive results may be given by other 
organisms and even by extracts of organs obtained from healthy animals. 

In the procedure for recovering anthrax which was finally adopted in this study, 
an essential phase consisted of immersing the emulsified and mechanically shaken 
sample suspensions in a water-bath set at 65 C. and heating the suspensions for 


13. Hailer, E., and Heicken, K.: Studies in the Prevention of Industrial Anthrax: The 
Question of the Risk of Anthrax from Imported Sheep- and Goat-Skins, Ztschr. Hyg. 
131:443-459 (Aug.) 1950; abstracted, Bull. Hyg. 26:772 (Aug.) 1951. 

14. Hausam, W.: The Anthrax Problem in the Leather Industry, Zentralbl. Bakt. 155: 352- 
361 (July 15) 1950; abstracted, Bull. Hyg. 26:917-918 (Sept.) 1951. 
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five minutes after they had attained this temperature. This was based on the work 
of Jones,” in which the heating period of five minutes at 65 C. was specified as 
a result of his experimental findings that spores of B. anthracis were not so resistant 
as generally believed. Jones reported that false conclusions might be recorded 
if procedures were conducted in which samples of industrial materials were heated 
at 80 C. for one-half hour or longer. This was based on his experiments in which 
he found that the survival rate of anthrax spores suspended in sterile water and 
heated at 80 C. for one-half hour was considerably reduced. Further, heating at 
65 €. was also sufficient to kill most of the nonsporing organisms, as well as the 
vegetative forms of the spore-forming organisms, which, in Jones’s opinion, facili- 
tated the recovery of the anthrax spores. 

Some improvement in the recovery of anthrax organisms was felt to be obtained 
from emulsification of industrial materials prior to bacteriologic examination by 
facilitating the recovery of anthrax spores otherwise retained in animal grease and 
fats. A hydrocarbon sulfonate detergent was employed as the emulsification agent 
in the m-plant and wool sample examinations because of its availability, ease of 
preparation, and excellent properties of emulsifying fats and other organic materials. 
Further, owing to its lower alkalinity (pH 8.8 to 9.0) in 1% aqueous solution, as 
compared to the higher alkalinity range of the other agents tested (KOH, NasCQOs, 
LiQH, ete.), there was little if any irritation found in mice at the site of injection. 
This emulsifying agent was, therefore, considered a satisfactory substance for free- 
ing viable anthrax spores from wool samples. 

The “sandwich-agar” plates, employed as a cultural method for the isolation 
of anthrax organisms, were not considered sufficiently reliable to be used as the 
sole means of identification. This was based on the fact that during the sample 
examinations the recovery of anthrax by the mouse tests was sometimes negative 
when the sandwich plates were positive. In other cases, the reverse was found. 
In view of these findings, however, sandwich plates used in conjunction with the 
mouse test are considered to be of some help in bringing to light viable anthrax 
organisms, and in positive cases a quantitative estimation of the degree of anthrax 
contamination is also afforded. 

The unsuccessful results of Stein’s phenol culture method in the present study 
were attributed to the small quantities (0.1 ml.) of material prescribed to be sus- 
pended in the phenol solutions. It was felt that because of this the probability of 
recovering anthrax from samples containing varying concentrations of anthrax 
spores was considerably reduced. Further studies, however, should be conducted 
with this method, since it has proved useful in other investigations. 

Finally, when evaluating the relatively low and inconsistent recoveries of anthrax 
from the wool samples by the methods employed, consideration should be given 
to the age of the samples prior to the bacteriologic examination and to the con- 
ditions under which they were handled prior to collection. It was ‘estimated that 
the samples were no less than three years old before examination and that, although 
the conditions of handling and warehouse storage were apparently not injurious, 
they certainly did not contribute to the viability of the anthrax organisms. 

Control and Prevention of Industrial Anthrax.—The findings of the laboratory 
studies described in this report indicate the need of specific measures for controlling 
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and preventing anthrax in the carpet-wool industry. Several reports '* have been 
published recently in which suggested methods for the control and prevention of 
anthrax have been presented. Woltf and Heimann,® in their work covering the 
first phase of the investigation, have recommended control measures which are 
briefly as follows: 
Environmental control 
(a) Adequate exhaust facilities where potentially infected materials are handled 
(b) Dust suppression measures 
(c) Separation of finished products from raw materials, ete. 
(d) Labeling of bales of wool according to the degree of anthrax risk 
Personnel protection 
(a) Wearing of protective clothing by all employees in areas where raw materials are 
handled 
(b) Adequate washing facilities and locker space 
Medical control | 
(a) Facilities for early diagnosis and treatment of anthrax 
(b) Education of personnel in the cause, nature, and control of anthrax, plus the need 
for reporting all cuts, skin abrasions, and pimples when first noted. 


It is quite conceivable, therefore, that, on the basis of the results shown in 
this report, good housekeeping with emphasis on dust-suppression methods, strict 
adherence to excellent personal hygiene practices, use of protective clothing, and 
prompt medical attention in cases of cuts, scratches, etc., industrial anthrax could 
be greatly reduced as a health hazard in the carpet-wool industry. 

Disinfection of imported wool and hair, which has been suggested many times 
in the past, is currently being conducted in only one country, Great Britain.’® No 
law exists in the United States requiring the disinfection of imported carpet wool 
and hair. Sterilization of certain types of domestic hair and bristles used in lather 
brushes, on the other hand, is required by the interstate quarantine regulations" ; 
foreign quarantine regulations require only the bacteriologic examination of 
imported lather brushes for anthrax spores. Although the sterilization methods 
for hair and bristles are unsuited for disinfecting wool and hair, recent studies '* 
have shown that methyl bromide and ethylene oxide in particular may be adaptable 
for the disinfection of wool and hair. 


15. Wolff and Heimann.’ MacDonald.'? Phillips, C. R.: The Sterilizing Action of Gaseous 
Ethylene Oxide: Sterilization of Contaminated Objects with Ethylene Oxide and Related 
Compounds; Time, Concentration and Temperature Relationships, Am. J. Hyg. 50:280-288 
(Nov.) 1949, 

16. Prevention of Anthrax Among Industrial Workers: Memorandum on the Disinfecting 
Station Established in Great Britain for Disinfection of Wool and Hair, London, Home Office, 
1921. 

17. Abrams, H. K., and Warr, P.: Occupational Diseases Transmitted via Contact with 
Animals and Animal Products, Indust. Med. 20:341-351 (Aug.) 1951. 

18. Interstate Quarantine Regulations. Part 72, Title 42, Code of Federal Regulations 
Amendment Concerning Lather Brushes, Federal Register, Jan. 19, 1949. Kolb, R. W., and 
Schneiter, R.: The Germicidal and Sporicidal Efficacy of Methyl Bromide for Bacillus Anthracis, 
J. Bact. 59:401-412 (March) 1950. Kolb, R. W.; Schneiter, R.; Floyd, E. P., and Byers, D. H.: 
Disinfective Action of Methyl Bromide, Methanol, and Hydrogen Bromide, to be published. 
Phillips, C. R., and Kaye, S.: The Sterilizing Action of Gaseous Ethylene Oxide: Review, 
Am. J. Hyg. 50:270-279 (Nov.) 1949. 
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SUMMARY AND CONCLUSIONS 


The incidence of industrial anthrax in the United States during the past 30 
years has increased considerably in comparison with that of agricultural anthrax. 

\n investigation was made to determine the extent to which animal products, 
such as wool, hair, hides, and skins, are responsible for human anthrax in this 
country and also to determine what countries from which these animal products 
are imported may be important from the point of view of industrial anthrax. 

The investigation was conducted along two lines of approach—epidemiostatisti 
cal and laboratory. Results of the statistical survey showed that carpet wool was 
involved in more than 90% of the reported cases of industrial anthrax. 

\ systematic procedure was developed for use in the routine bacteriologic 
examination of large numbers of samples of industrial materials contaminated with 
uithrax. Samples of carpet wool originating in various foreign countries and a 
number of in-plant samples of dust, sludge and slime, lint, and wool- and skin-seraps 
from various departments of a carpet plant were examined to determine the extent 
of contamination of the samples with anthrax. 

The finding of anthrax-contaminated dust samples collected from various areas 
in a carpet plant, contaminated slime samples, and anthrax-positive wool samples 
originating in Western Asia, China, and North Africa reveals a definite health 
hazard to the worker employed in the carpet-wool industry, 

Measures for the prevention and control of industrial anthrax should be directed 
toward better plant sanitation, such as dust-suppression methods, adequate exhaust 


facilities in the picking and shredding areas, personal hygiene, protective clothing, 


and adequate medical facilities for the early diagnosis and treatment of anthrax 
Cases 


Phe late Dr. Roy Schneiter, Chief of the Bacteriology Unit, Division of Occupational Health, 
United States Public Health Service, did extensive and important work in the initial laboratory 
studies and in the compiling of valuable survey information relative to this paper and gave 
advice and aid in directing this phase of the investigation. Mr. R. W. Kolb, Laboratory of 
Siologies Control, National Institutes of Health, Bethesda, Md., supplied helpful information 
during the early phases of the study. From the Division of Occupational Health Field Head- 
quarters, Cincinnati, Dr. H. E. Stokinger, Chief of the Laboratory Section, gave generous 
encouragement, advice, and cooperation, and Dr. Lewis J. Cralley, Chief of the Environmental 
Investigations Branch, offered helpful advice and comments. Messrs. R. N. Bloomhuff and 
PB. A. Weaver rendered assistance in the later experimental phases of the study. 
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CARBON TETRACHLORIDE MIXTURES IN FIRE FIGHTING 


H. H. FAWCETT, BS. 
SCHENECTADY, N. Y. 


ARBON tetrachloride, either alone or in mixtures, has been widely used for 
years as a “vaporizing liquid” fire extinguisher. The impression has arisen 
in some quarters that carbon tetrachloride applied to a fire is hazardous only if it 
evolves phosgene and other decomposition products. The very real hazard which 
arises by virtue of the toxicity of carbon tetrachloride and other chlorinated hydro- 
carbons used in mixtures, especially when used in a confined space, ts still not widely 
appreciated.’ 

The number of actual reported cases of poisoning from carbon tetrachloride fire- 
fighting mixtures is surprisingly small. 


A man who used a carbon tetrachloride extinguisher inside an automobile inhaled fumes 
for about a half-hour; serious effects occurred the next day.* 

Three men died after inhalation of vapors from fire-extinguisher fluid used to clean clothes 
in a confined space in the British Navy.® 

One man had exposure of only five minutes to heavy fumes from a fire extinguisher, but 
nine days later severe liver damage developed.* 

A fatal case from use of carbon tetrachloride spray on electrical equipment has been 
reported. 

Still another case involved eight poisonings, one of which was fatal, following use of ; 
carbon tetrachloride on a fire in a mine.® 

Three cases involved carbon tetrachloride exposure from fighting fires on shipboard. In 
all three, kidney injury resulted; in one of these, the urine was completely suppressed for : 
10 days, but there was complete recovery. } 


In another case fumes from a fire extinguisher caused vomiting and gastric disturbance, 
followed in a few days by mild jaundice. After 10 days, convulsions with a blood pressure of 
220) and a blood urea level above 300 mg. per 100 cc. suddenly began. Edema of the lungs 
developed and death seemed inevitable, but the man made a remarkable recovery. 

From the Research Laboratory, General Electric Company. 

1. Fieldner, A. C., and Katz, S. H.: Gases Produced in the Use of Carbon Tetrachloride 
and Foamite Fire Extinguishers in Mines, R. I. 2262, U. S. Department of the Interior, Bureau 
of Mines, 1921. Katz, S. H.; Gleim, E. J., and Bloomfield, J. J.: Carbon Tetrachloride 

q Extinguisher on Electric Fires, R. 1. 2499, U. S. Department of the Interior, Bureau of Mines, 
1923. 

2. Hagen, W. S.; Alexander, H. A., and Peppard, T. A.: Toxie Effects of Carbon Tetra- 
chloride, Minnesota Med. 23:715, 1940. 

3. Woods, W. W.: Changes in Kidneys in Carbon Tetrachloride Poisoning and Their 
Resemblance to Those in the “Crush Syndrome,” J. Path. & Bact. 58:767, 1946. 

4. Dudley, S. F.: Toxic Nephritis Following Exposure to Carbon Tetrachloride and Smoke 
Fumes, J. Roy. Nav. M. Serv. 21:296, 1935. 

5. Prag, J. J.: Carbon Tetrachloride Poisoning by Inhalation, South African M. J. 25:351- 
352 (May 26) 1951. 

6. Delecour, C., and Amoudru, C.: A Group of Poisonings by Carbon Tetrachloride Used 

in Fire Extinguishers, Rev. méd. miniére 2:28 (July-Aug.-Sept.) 1949; abstracted in A. M. A. 
Arch. Indust. Hyg. 3:221 (Feb.) 1951. 
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Good ventilation saved 15 men from severe exposure when 30 cylinders of fire extinguisher 
were employed on a fire in an electrical workshop in dockyards.? 

While the contents of a number of parcels were being unpacked in a small office in an 
engineering works, some paper was ignited by an electrical fire near the doorway. Workmen 
from the adjacent room promptly proceeded to extinguish the fire with carbon tetrachloride 
extinguishers. Shortly before the fire started, however, a young typist had entered the office 
and, frightened by the fire, ran behind a partition 8 ft. high inside the room. Her presence 
was not discovered until five or ten minutes after the fire started, by which time the pungent 
fumes from the carbon tetrachloride together with the smoke had made entry into the room 
by means of the door impossible. A workman thereupon smashed a window opening from the 
street, entered the room, and assisted the typist out through the window. She walked to the 
ambulance, was attended by a nurse, and went home about an hour later. Later she became 
ill and was removed to the hospital, where she died in a few hours from phosgene poisoning.® 

\ man and his helper used about 3 gal. of carbon tetrachloride extinguisher during a total 
period of more than an hour to put out a fire in a electric motor located in a shed having only 
one door and no windows. On the following day, both these men had headaches and could 
still taste carbon tetrachloride. The helper recovered, but nine days after exposure the other 
man was hospitalized; acute pulmonary edema developed, and he died two days later. A diagnosis 
of phosgene poisoning was given as the cause of death.” 

Three children died in a trailer which was equipped with an automatic carbon tetrachloride 
glass-bomb fire extinguisher. Phosgene was a causative agent in the deaths in the opinion of the 
local health officer. Reproduction of the incident indicated that phosgene from the carbon 
tetrachloride varied between 63 and 150 ppm and was probably the major cause of death.!° 

Dr. Mollaret, of Grenoble, reported a case of a fire which arose, owing to a short circuit, 
in a poorly ventilated room and which required the use of extinguishers containing carbon 
tetrachloride. The two men felt slight discomfort that evening; later intense symptoms such 
as nausea, gastric disturbances, and profound asthenia developed for four days; and then the 
patients recovered during the following week."! 

Drs. Hebert and Phélebon, of Montrichard, reported the case of an automobile chauffeur 
who was made seriously ill from cleaning the automobile for several hours with a carbon tetra- 
chloride product used normally as a fire extinguisher. He recovered after energetic treatment.) 

“Common examples of human-element failures, directly traceable to poor training, occur 
again and again in using the wrong type of extinguisher. . . . Recently, fuel leaking from an 
oil-fired furnace became ignited, and fire spread over the plant’s floor. Employees immediately 
attacked the flammable liquid fire with ‘vaporizing liquid’ extinguishers but without success. 
The plant chemist shortly announced that poisonous fumes were present. Vaporization liquid 
is usually not effective on flammable liquid fires and in restricted spaces can result in a 
dangerous concentration of fumes. ... The building, according to the report, was ‘promptly 
vacated.” The public fire department arrived and, after examining the situation, concluded that 
it would be best to let the fire burn itself out.” 17 


There are hints of numerous other fatal cases, but complete literature references 
are not included." 


7. The Danger of Carbon Tetrachloride in Fire Extinguishers, Foreign Letters (London), 
J. A. M. A. 102:853 (March 17) 1934. 

8. Metals Section Newsletter, National Safety Council, Chicago, p. 5, May, 1939. 

9. Petroleym Section Newsletter, National Safety Council, Chicago, p. 5, June, 1940. 

10. Industrial Hygiene Newsletter, Vol. 8, No. 3, U. S. Public Health Service, Industrial 
Hygiene Division, March, 1948. 

11. Intoxication with Carbon Tetrachloride, Foreign Letters (Paris), J. A. M. A. 98:2299 
(June 25) 1932. 

12. Human Unpredictability in Fire Prevention, Factory Mutual Record 29:5 (July) 1952. 


13. Smart, C. R.: The Technology of Industrial Fire and Explosion Hazards, London, 
Chapman & Hall, Ltd., 1947, Vol. 2, p. 120. 
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Four cases involving exposures to extinguished fires were reported with 36 


other carbon tetrachloride exposures."* 


A 42-year-old man discharged a 1% qt. 
carbon tetrachloride extinguisher intermittently in a 6 by 5 by 61 ft. room with 
a window partially open, continuing work through an eight-hour shift. He died in 
uremia 23 days after exposure." The relatively small number of reported cases 
may be accounted for by the unsupervised use of the material where no one 
was interested in adding to the literature, or perhaps it may be attributed to the 
tendency to classify all fume exposures at fires as “smoke poisonings,” even if they 
include exposures to carbon tetrachloride and decomposition products. 

A recent incident which nearly terminated fatally for two children serves to 
reemphasize the dangers of carbon tetrachloride mixtures in the hands of inade- 
quately instructed persons. 


An electric heating cable had been wrapped around the drainpipe from the kitchen sink 
in a rural residence near “XX,” New York. On Oct. 28, 1951, the occupant plugged in the 
electrical system, which included this heating cable, to check its operation. A short circuit 
developed, due to faulty insulation, and a small fire resulted in the section of cable near the 
most inaccessible corner of the partial excavation (12 by 14 by 2 ft.) under the kitchen of the 
house. Fearing that the fire might ignite the wooden flooring and rafters, the occupant promptly 
disconnected the electrical circuit and went to the main floor for a 1-gal. pump-type carbon 
tetrachloride mixture extinguisher of well-known manufacture. (This extinguisher had been 
approved by Underwriters Laboratories, Inc., for B-2 and C-1 fires, and the label carried the 
warning: “Extinguish fire promptly and avoid exposure to smoke and fumes.”) 

Returning to the basement with the extinguisher, the owner applied the liquid to the small 
fire and, to insure the complete extinguishment, crawled back inside the 2-ft.-high space. He 
became very dizzy and immediately returned to the main part of the basement and then to 
the main floor. 

Two children, a girl, M. L. D., aged 8, and her brother, K. D., aged 9, had observed this 
activity and, slipping quietly back to the basement, imitated their father by crawling part 
way back into the 2-ft.-high space. Ten minutes later, their mother, wondering as to their 
whereabouts, searched the house and finally discovered them completely unconscious. Since 
some fumes had remained in the house, she immediately carried them to the open air outside, 
where she, her husband, and two neighbors (registered nurses) began artificial resuscitation 
using the Schafer method. An oxygen inhalator was brought to the scene from the Fire 
Department of Saratoga Springs, N. Y. (about 8 mi.), and was used on the two children 
concurrently. The boy regained consciousness after about 20 minutes of combined artificial 
resuscitation and oxygen inhalation, while the girl required about 10 minutes of similar treat- 
ment before recovery. The extreme severity of the exposure in the boy was attested to by the 
ashen-gray color of his face upon discovery. 

Examination by Dr. M. Boright, of Schuylerville, N. Y., after the revival of the children, 
revealed no evidences of edema (such as that produced by phosgene) but did reveal general 
cyanosis and chemical intoxication. Subsequent checks revealed no residual damage to lungs, 
kidneys, or liver. 

ANALYSIS OF EXPOSURE 

The volume involved in the exposure was 14 by 12 by 2 ft., or 336 cu. ft.; the 
space had a dirt floor. The floor level was about 41% ft. higher than the main cellar 
floor level. 

Measurement of the liquid remaining in the extinguisher after the incident, and 
the fact that the extinguisher was known to be full before, revealed that 115 0z., or 
3,400 ml., had been used during this incident. A sample of the liquid remaining in 


14. Quadland, H. P.: Carbon Tetrachloride, Indust. Med. 12:822-829 (Dec.) 1943. 
14a. Kline, E. M.: Personal communication to the author. 
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the extinguisher was fractionated and found to have a vapor temperature boiling 
range of 53 to 74.5 C., with the major portions between 59 to 71 C. and 71 to 74.5 C. 
and a residue boiling slightly above 74.5 C. From these data, plus mass spectrometer 
analysis, determination of refractive index, and specific gravity measurements, it 
was concluded that the liquid was a mixture of approximately 90% carbon tetra- 
chloride and 10% chloroform. The addition of chloroform (F. P., —70 C.) to 
depress the freezing point of carbon tetrachloride (F. P., —23 C.), so that the 
mixture will remain liquid and usable in extremely cold weather, is a well-recog- 
nized technique.’® Since chloroform is credited with having 1.20 times the com- 
parative anesthetic powers of carbon tetrachloride, the resulting mixture is hence 
more hazardous to hie. Carbon tetrachloride (commercial, redistilled) had a 
marked depressant action on the central nervous system of rats, manifest by drowsi- 
ness or stupor at 4,000 ppm and less, by stupor plus loss of equilibrium and coordi- 
nation at 7,300 ppm, and by these effects plus unconsciousness at 12,000 and 19,000 
ppm. This depressant action was apparently the cause of nearly all deaths at 19,000 
ppm and a few at 12,000 ppm, since these deaths occurred during or immediately 
after exposure, with evidence of respiratory failure."’ 

Since the 3400 cc. of 90%-10% CCl-CHCl; mixture was vaporized in a 
space of 336 cu. it., the relative air concentrations of both compounds can be calcu- 
lated as follows: 

The 3,400 ce. of mixture contained 90% CCl, of sp. gr. = 1.584. 

This calculated to 4,847 gm. of CCl, which vaporized to 24.92 cu. ft., yielding 
a CCl, concentration of 74,000 ppm by volume. 


Displacement of 8.2% of the air within the space resulted in an oxygen concen- 
tration decrease from 20.9 to 17.1% by volume. For a short exposure, this is not 
a dangerous oxygen concentration. 

To check the relative “knockdown” times of carbon tetrachloride (anal. reagent 
grade) against a 90%-10% by volume mixture of carbon tetrachloride (anal. reagent 
grade) with chloroform (U. S. P. grade), female white mice were exposed to 
atmospheres which in each case duplicated the 17.1% oxygen content of the above 


case. The average time for two mice to be overcome (as evidenced by lack of any 


visible body movement ) was 97 seconds, as compared with 62 seconds average with 
the 90%-10% mixture for four mice. All animals promptly recovered except one 
of the mice exposed to the 90%-10% mixture. 

The most significant feature of the exposure incident from a prevention stand- 
point is that the father had had the extinguisher in the house for three years (in 
fact, he had extinguished a fire with it about 30 months previously), but he had 
never considered nor been warned of the danger of using the extinguisher in a 
confined space without adequate respiratory protection. The warning printed on 
the label on the extinguisher had not been heeded, although the father appeared 
to be a man of superior intelligence and observation. If vaporizing liquids of the 

15. Cameron, A. M.: Chemistry in Relation to Fire Risk and Fire Extinction, Ed. 3, 
London, Sir Isaac Pitman & Sons, Ltd., 1947, p. 187. 


16. Hamilton, A., and Hardy, H. L.: Industrial Toxicology, Ed. 2, New York, Paul B. 
Hoeber, Inc., 1949, p. 356. Henderson, Y., and Haggard, H.: Noxious Gases, American 
Chemical Society Monograph, No. 35, New York, Reinhold Publishing Corporation, 1943, p. 200. 

17. Adams, FE. M.; Spencer, H. C.; Rowe, V. K.; McCollister, D. D., and Irish, D. D.: 
Vapor Toxicity of 1,1,1-Trichloroethane (Methyl-Chloroform) Determined by Experiments 
on Laboratory Amimals, Arch. Indust. Hyg. & Occup. Med. 1:225 (Feb.) 1950. 
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toxicity level of carbon tetrachloride, chloroform, chlorobromethane, and methyl 
bromide '* are to be sold over the counter in extinguishers ranging from beer cans 
and glass and metal ceiling-type bombs to extinguishers of the pump or pressurized 
type, a stronger warning should be issued, cautioning against use in confined spaces 
except when adequate and approved respiratory protection is worn. It should be 
noted that for the concentrations involved in this incident ordinary “smoke” or 
“all-service” canister-type masks would have been completely inadequate. A self- 
: contained oxygen or air-breathing apparatus would have been essential for safety 
in such an atmosphere. 
SUMMARY 


A case is reviewed in which two children were exposed almost fatally to vapors 
from a carbon tetrachloride mixture extinguisher which had been used in a confined 
space. 

Calculations indicate the near-fatal exposure was for 10 minutes to a mixture 
of 74,000 ppm CCl, and 8,000 ppm CHCl. Little or no phosgene or other decom- 
position products apparently were involved: 

A plea is made for additional warnings concerning the real hazard from using 
“vaporizing liquid” extinguishers in confined spaces unless adequate respiratory 
protection is available and is properly used. 


APPENDIX 1 


CALCULATIONS 
115 oz. mixture used. 

1 oz. = 29.57 cc. 
115 oz. = 3,400.55 cc. mixture 
Sp. gr. CCl, is 1.584 

3,400 cc. & 1.584 x 90% = 4,847.04 gm. CCh 

Sp. gr. CHCl, is 1.499 
3,400 x 1.499 x 10% = 509.66 gm. CHCls 


1 gm. mol. wt. CCl occupies 22.4 liters 
1 cu. ft. == 28.316 liters 


153.83 gm. CCl, occupies 0.7910 cu. ft. 
4,847.04 gm. CCk occupies 24.92 cu. ft. 
Volume involved = 14 x 12 x 2 ft. = 336 cu. ft. 
24.92 cu. ft. is 7.4% of 336 cu. ft. 
or CCl concentration is 74,000 ppm CCk 


1 gm. mol. wt. CHCls occupies 22.4 liters 
149.9 gm. CHCls occupies 0.7910 cu. ft. 
509.66 gm. CHCls occupies 2.689 cu. ft. 
2.689 cu. ft. is 0.8% of 336 cu. ft. 
Therefore CHC1; concentration is 8,000 ppm CHCls 
8.2% of the air displaced 
20.9% of air is Oz 
20.9% 8.2% = 17.1% Oz in resulting atmosphere 


18. An Investigation of the Toxicity of Proposed Fire Extinguishing Fluids, Medical 
Division Research Report No. 23, Unclassified, CMLEM-52, Chemical Corps, Medical Division, 
Army Chemical Center, Maryland, 1950 (See Appendix 2). 
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APPENDIX 2 


ISHER COMPOUNDS IN ORDER OF INCREASING TOXICITY 


Decomposed 


Ppm Ppm 
BUD 000 
690000 
6000 60,000 
8000 
000 12008 
14.000 
liso 17.000 
000 16,000 
5000 
000 
1700 
1,900 
6.000 


300 


4.000 


ipproximate lethal concentration for lo-minute exposure to rats by inhalation of vapors in con 
ter gassing chambers operating at air flow rates of 2 liters per minute 
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RELATIVE TOXICITY OF LANTHANUM, TANTALUM, AND THORIUM 
COMPOUNDS IN THE DEVELOPING CHICK EMBRYO 


L. J. MACHLIN, MS. 
?. B. PEARSON, Ph.D. 
AND 
C. A. DENTON, BS. 
BELTSVILLE, MD 


N RECENT years there has been an increasing use of many uncommon metals 

in industry. Only limited toxicological data are available for lanthanum, tanta- 
lum, and thorium, metals that have various industrial uses. Previous work has 
shown that lanthanum and tantalum ' and thorium? have low toxicities when fed 
to rats or mice but are somewhat more toxic when injected. Since the very young 
animal may be expected to be more sensitive to toxic elements and compounds, it 
seemed desirable to obtain information on the effects of these metals on the develop- 
ing embryo. 

In members of the class Mammalia, the placenta serves as a barrier to the passage 
of some toxic compounds to the fetus. On account of this, in studies on the effect 
of compounds or materials on embryonic development in mammals, it may not be 
feasible to differentiate between direct effects on the embryo and the influence of 
the maternal organism in detoxification or in the rapid elimination from the system. 
The developing chick embryo has the advantage that this influence of the maternal 
organism is eliminated and that results are available within three weeks. 


EXPERIMENTAL PROCEDURE 


The technique of injecting materials into the egg either before or during incubation is 
relatively simple. The large end of the egg is washed with a 70% alcohol solution. A hole 
large enough to introduce a 22-gauge needle is made with a drill or with a special punch 
similar to a blood lancet. The material is then injected into the albumen under aseptic conditions. 
The orifice can then be sealed with collodion or paraffin 


The eggs in this experiment were incubated in forced-draft incubators at 100 F. and 55% 
relative humidity. Some of the eggs were incubated for 1 day and others for 10 days before 
being candled. Those eggs containing live embryos were then divided into groups of equal 


From the Bureau of Animal Industry, United States Department of Agriculture. 

This work was carried out under a joint project with the United States Atomic Energy 
Commission. 

1. Cochran, K. W.; Doull, J.; Muzar, M., and DuBois, K. P.: Acute Toxicity of Zirconium, 
Columbium, Strontium, Lanthanum, Cesium, Tantalum, and Yttrium, Arch. 


Indust. Hyg. 
& Occup. Med. 1:637, 1950. 


2, (a) Mattis, P. A.: Toxicological Studies of Certain Thorium Salts, Atomic Energy 
Project Report NYO-1607, Western Reserve University, 1950. (6) Patrick, P. A.: Some 
Effects of the Administration of Thorium Nitrate to Mice, Canad. J. Res. Sec. E 26:303, 1948. 
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weights. Varying quantities of lanthanum chloride (1 to 100 mg. per egg), thorium chloride 
(1 to 100 mg. per egg), and tantalum hydroxide (1 to 80 mg. per egg) were injected into 
eggs containing 1- and 10-day embryos. In the case of the 1-day embryos, the compounds 
were injected with 0.2 ml. of water, and in the case of the 10-day embryos, with 0.5 ml. of 
water. To avoid decomposition, the lanthanum soiution was made in cold sterile water under 
aseptic conditions shortly before injection. Thorium and tantalum preparations were steam 
sterilized before use. At each level of injection, 20 to 30 eggs were used. Approximately 300 
eggs were inoculated in the tantalum series, 300 in the thorium series, and 800 in the lanthanum 


series. Distilled water was injected as a ‘control. The hatchability of water-injected eggs was 
usually more than 90%. All dead embryos were examined for abnormalities and to determine 
their age at death 
RESULTS 


The logarithms of the doses injected, expressed in milligrams of the compound 
a per egg, were plotted against the probit values * derived from the percentage of 
survival at 19 days of incubation, the survival of the control groups being considered 
as 100%. Since there were no consistent differences in survival of embryos from 


eggs inoculated at 1 or 10 days after incubation, the data were pooled in all calcu- 


lations. The L. D.s5) values calculated on this basis were as follows: lanthanum 
chloride, 14 mg. (5.2 mg. of lanthanum) per egg; thorium chloride, 46 mg. (30 mg. 
of thorium) per egg; tantalum hydroxide, 44 mg. (30 mg. of tantalum) per egg. 
All the compounds tested were relatively low in toxicity, but it is evident that the 


lanthanum compound was more toxic than the thorium or tantalum compounds. It 


; is, however, much less toxic than copper, molybdenum, or selenium, for when the 
: IL. D.59 is calculated on the basis of the metal rather than the chloride lanthanum 
Fi has a value of 5.2 mg. per egg, whereas under similar conditions the L. D.50 of 


copper and molybdenum is approximately 0.3 mg. per egg * and that of selenium 
0.03 to 0.04 mg. per egg.® 

The comparative toxicity of lanthanum, tantalum, and thorium for mammalian 
and for avian species can be approximated by calculation from the data in this paper 
and those available in the literature. For the purpose of calculating the L. D.59 per 
kilogram of chick embryo, an average weight of 30 gm. is taken for the 19-day 
embryo. The L. D.59 for rats of lanthanum chloride administered intraperitoneally 
was 0.35 gm. per kilogram of body weight ' as compared with 0.47 gm. for the chick 
embryo. The L. D.59 of thorium chloride given intraperitoneally to rats is reported 
as being 1.90 gm. per kilogram,** as compared with 1.53 gm. per kilogram for the 
developing chick embryo. The tantalum metal administered intraperitoneally as 
tantalum chloride had an L. D.59 of 0.075 gm. per kilogram for rats,’ and for the 
chick embryo the L. D.s59 was 1 gm. per kilogram when tantalum hydroxide was 
used. Since the toxicity of lanthanum and thorium chloride for the rat and the 
chick embryo is of the same order of magnitude, the thirteen-fold difference in the 
toxicity of tantalum for the rat and the chick embryo is probably due to the two 
different compounds used rather than to a species difference. Tantalum chloride 
rapidly decomposes in water. Furthermore, tantalum given as the chloride intra- 


3. Bliss, C I.: The Determination of the Dosage Mortality Curve from Small Numbers, 
Quart. J. Pharm. & Pharmacol. 11:192, 1938. 

4. Machlin, L. J., and Pearson, P. B.: Toxicity of Copper and Molybdenum in the 
Developing Chick Embryo, unpublished data. 

5. Franke, K. W.; Moxon, A. L.; Poley, W. E., and Tolly, W. C.: Monstrosities Produced 
by the Injection of Selenium Salts into Hen’s Eggs, Anat. Rec. 65:15, 1936. 
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peritoneally to rats was approximately five times more toxic than tantalum given 
as potassium tantalum fluoride.’ Lanthanum chloride administered intraperitoneally 
to rats is about 12 times more toxic than if given orally.’. The comparable figure 
for tantalum chloride is 25.!_ Thorium chloride given intraperitoneally to rats is 
more than four times as toxic as when taken orally.2 The difference in the toxicity 
of the compounds when ingested and when given intraperitoneally is undoubtedly 
due to incomplete absorption. Evidence for this has been obtained by using the 
radioactive isotopes La'*® and Ta'**. More than 75% of the ingested La'® and 
Ta'*? was recovered in the feces.®° Following the oral administration of lanthanum 
to a lactating cow, no activity was detected in the blood or milk. 

In the case of the chick embryos all three compounds caused a hypertrophy and 
degeneration of the kidney. Later work * has shown that this is not a specific symp- 
tom for these compounds but can be induced in the embryo by an excess of other 
substances. Symptoms that occurred in more than 3% of the embryos examined 
are listed in the accompanying table. Hemorrhage of the developing vascular sys- 

tem was the most prevalent. It occurred both in the allantoic membranes and in 


Percentage of Dead Chick Embryos Examined That Showed Various Symptoms Induced 


by Lanthanum, Thorium, and Tantalum 


Symptom 


Lanthanum Tantalum 

Microphthalmia ............ 


Thorium 


91 


wei: 


the muscle and viscera of the embryo. Lanthanum is known to act as an anti- 
coagulant * and in this study caused the greatest incidence of hemorrhage. Mattis 74 
observed that rats and mice receiving intravenous injections of toxic doses of 
thorium nitrate occasionally had an increased clotting time of the blood. However, 
this did not seem to be a general effect of thorium toxicity in his study, and no 
mention of hemorrhage was made. It would appear from the studies reported here 
and from other work? that the blood vessels of the embryo and embryonic mem- 
branes are very easily ruptured when foreign substances are introduced into the 
incubating egg. 


A stiffness of the hock joint was another condition noted during this study. 
' This symptom was characterized by marked rigidity of one or both legs at the 
hock joint, probably due to a shortening of the extensor tendon. No other joints 
in the body appeared to be affected. A stiff hock joint was often accompanied by 
deformities of the toes. The syndrome was observed in embryos 15 days old or 
older. It was not due to rigor mortis, as live embryos and chicks have been observed 
6. Comar, L. C.: Quarterly Progress Report, Atomic Energy Commission Project, Uni- 
versity of Tennessee, June 30, 1951. 
7. Lankenau, A.; Olsen, M. W.; Machlin, L. J., and Denton, C. A.: Chemically Induced 
Degeneration of Chick Mesonephros, Proc. Soc. Exper. Biol. & Med. 79:265, 1952. 
8. Beaser, S. B.; Segel, A., and Vandam, L.: The Anticoagulant Effects in Rabbits and 
Man of the Intravenous Injection of the Salts of the Rare Earths, J. Clin. Invest. 21:447, 1942. 
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with stiff hock joints. This abnormality occurred occasionally in the control groups 
and in untreated chicks hatched from our regular flock, but it was apparently exag- 
verated by injection of thorium or tantalum. An indication that bone metabolism 
might be disturbed is shown by some incidence of soft bones in the thorium- and 
tantalum-inoculated embryos. Microphthalmia, ectopia, and beak deformities were 
other abnormalities that occurred to a limited extent. 


SUMMARY AND CONCLUSIONS 


These studies indicated that lanthanum chloride, thorium chloride, and tantalum 
hydroxide were not highly toxic to the developing chick embryo. The L. D.59 values 
were as follows: lanthanum chloride, 14 mg. per egg; thorium chloride, 46 mg. per 
egg; and tantalum hydroxide, 44 mg. per egg. 

The toxicity of lanthanum chloride and thorium chloride for the developing chick 
embrvo is of the same order of magnitude as for the growing rat when administered 
intraperitoneally. 


Hemorrhage was the most prevalent symptom found among dead embryos. A 


stiff hock joitit syndrome is described. The incidence of this abnormality in the 


developing ¢mbryo appears to be exaggerated by injections of the thorium and tan- 
talum compounds. 
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PROBLEMS ENCOUNTERED IN FIELD USE OF THOMAS AUTOMETER 


PAUL M. GIEVER 
DETROIT 


AN AUTOMATIC sulfur dioxide recorder was purchased by the Division of 
A Occupational Health, United States Public Health Service, and has been in 
use for slightly more than a year in the Detroit-Windsor air-pollution study. This 
study is being conducted by local, state, and national governmental health agencies 
of Canada and the United States under the auspices of the International Joint Com- 
mission. The area being studied extends the length of the Detroit River and inland 
for a distance of 15 miles on either side. 

The instrument procured was the Thomas autometer, which was developed by 
Dr. M. D. Thomas and his associates of the American Smelting & Refining Com- 
pany and is manufactured by the Leeds & Northrup Company, Philadelphia. 

The instrument measures very small concentrations of sulfur dioxide and other 
soluble gases in the air by means of electrical conductivity. A measured quantity 
of air is fed countercurrent to a measured quantity of absorbing solution inside a 
uniformly heated cabinet. The absorbing solution consists of 2 to 4 * 10° M 
hydrogen peroxide in 5 % 10° N sulfuric acid. The sulfur dioxide in the air is 
absorbed and oxidized, increasing the conductivity of the solution which is recorded 
as parts per million (ppm) of sulfur dioxide. Detailed description of the operation 
of the instrument is provided by the manufacturer and has also been published by 
Dr. Thomas and his associates.' 

In the Detroit-Windsor study, the recorder was mounted inside a mobile labora- 
tory, plans and details of which will be discussed later. Several problems were 
encountered when the instrument was first put into use. It appeared that the 
device operated automatically only when kept under constant surveillance and 
maintenance to keep the proper balance among solution flow, air flow, and cabinet 
temperature, since all three factors are interdependent in producing accurate results. 

The problem of temperature control inside the cabinet was a dual one. In the 
cold days of late winter and early spring, it was impossible to maintain a constant 
temperature of 120 F.; later, during the hot weather, it was impossible to keep the 
temperature down to 120 F., even with the lowest possible adjustment on the 
thermostat. The problem of maintaining a constant winter-time temperature was 

From the Division of Occupational Health, United States Public Health Service (Mr. 
Giever, Sanitarian [R]). 

Presented before the Thirteenth Annual Meeting of the American Industrial Hygiene 
Association, Cincinnati, April 24, 1952. 

1. Thomas, M. D.; Ivie, J. O., and Fitt, T. C.: Automatic Apparatus for Determination 
of Small Concentrations of Sulfur Dioxide in Air: New Countercurrent Absorber for Rapid 
Recording of Low and High Concentrations, J. Indust. & Engin. Chem., Analyt. Ed. 18:383, 
1946, 
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finally worked out by lining the inside of the cabinet with aluminum foil and then 
maintaining a temperature of approximately 65 F. in the mobile laboratory housing 
the recorder. The reduction in heat loss effected by use of the aluminum foil was 
sufficient to allow the existing heating elements to maintain the desired tempera- 
ture, with a setting on the thermostat that gave adequate flexibility to compensate 
for rather large temperature changes in the mobile laboratory. No observations 
were made on thermostat settings as compared with inside temperature, but it was 
observed that a higher and more even temperature was obtained with a lower thermo- 
stat setting after the aluminum foil was installed. This was found to be of particular 
advantage both in the fall before the laboratory heater was turned on and in the 
winter at times when the laboratory heater failed to function, 

Reducing the temperature to 120 F. for the hot summer weather was accom- 
plished by manipulating the heating elements. The cabinet is provided with three 
heating elements, so wired in that two are thermostatically controlled and the third 
element is constantly in operation. On very hot days the one element would provide 
more than the desired heat; so by removing that element, the desired operating 
temperature was maintained by the two elements controlled by the thermostat. 

Air-flow problems were caused by the plugging of lines and valves with dirt 
and insects. A periodic cleaning of the lines and valves will keep them adequately 
free of dirt, but in the early summer it was found that insects were entering the 
absorbing column and interrupting operations with such frequency that the installa- 
tion of a trap was necessary. A simple insect trap was made by passing the inlet 
air line into a bottle and screening the outlet line. The bottle served as a plenum 
chamber and trapped some of the dirt as well as the insects. 

The most perplexing problem of operation was that of maintaining a constant 
and appropriate solution flow. It was not just a matter of adjusting and regulating, 
but it was also a problem of controlling the air bubbles which collected in the solution 
lines and reduced or entirely stopped the flow of the liquid sampling solution. The 
largest collection of bubbles usually formed at the point where the solution lines 
entered the heated portion of the cabinet. At that point, the solution line was 3 in. 
(0.9 em.) in diameter and extended for approximately 14 in. (36 cm.) upward to 
the first conductivity cell which was connected directly to a 0.5 mm. capillary tube. 
This large reduction in the diameter of the solution line made the 3¢ in. line serve 
as a storage chamber, in which the sampling solution remained inside the heated 


area of the cabinet and approached ambient temperature before entering into any 


of the conductivity measurements. The temperature increase apparently aided in 
the release of air in sufficient quantities to affect the rate of solution flow. After 
removal of the air block, the instrument would usually operate for 10 to 16 hours 
before sufficient air would again collect to interrupt accurate operation. Even with 
two daily inspections, the usable data obtained accounted for only about 60 to 70% 
of the operating time. 

After several weeks of working with the problem, aid was requested from the 
Leeds & Northrup Company. Taking immediate action, the company found that 
fungus growth in the lines was causing bubbles to form and recommended that a 
weak solution of sodium 2,4,5-trichlorophenate (“Dowicide B”) be added to the 
sampling solution. It also recommended that the 3g in. diameter solution lines be 
replaced with 3 mm. capillary tubing. 
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During this time many experimental arrangements of solution lines had been 
tried out and variations in operating methods were being tried in the field. Most 
of the improvement in operation proved to be transitory, probably lasting only as 
long as the lines remained free from fungi. The two recommendations from the 
Leeds & Northrup Company have apparently been a material aid in the reduction 
of air formation in the solution lines, as relatively constant operation has since been 
attained. Reducing the size of the solution line has reduced the volume of solution 
inside the heated cabinet below the first conductivity cell; consequently, there pos- 
sibly is not sufficient time for the solution to reach ambient temperature before 
entering the zeroing, or continuous-reading, cell. This would be reflected by a 
slightly lowered conductivity of the solution in these cells, as compared with that 
for the integrating cell, where the solution collects for approximately 27 minutes 
and undoubtedly reaches ambient temperature. This variation is believed to be 
very slight and with careful calibration should be kept at no more than 0.05 ppm, 
which probably represents the limit of accuracy of the instrument. In some autom- 
eters, this slight differential can be eliminated by the setting of the electrodes ; in 
newer models, the glass enclosure of the electrodes is so complete that adjustment 
is impossible. 

In an attempt to minimize this discrepancy in temperature at the cells, the solu- 
tion lines were changed so that they entered the cabinet at the upper left side 
instead of the lower left. The line then descended inside the heated cabinet instead 
of just outside of it and provided more time for the solution to come to the appro- 
priate temperature before entering the conductivity cells. This change made only 
a barely detectable ditference, and there did occur some indications of air bubbles 
collecting in the rubber connectors. 

Under present conditions of operation, the autometer is giving usable data about 
98% of the operating time, and in the past six months all interruptions in operation 
have been caused by factors other than the autometer. 

The autometer was calibrated * after every move during the first few months of 
operation. However, since it was soon found that no changes in calibration occurred, 
it is calibrated now only about once each month. The zero is checked each time that 
solution is added or at each inspection. The range of the instrument is checked 
roughly by adjusting the air-inlet valve so that the air passes through the sulfur 
dioxide absorber tube. When more accurate calibration is indicated, a solution of 
known concentration is made up with sulfuric acid and used to check the reading 
of each of the cells. While any concentration within the limits of the instrument is 
permissible, a concentration of 3 ppm is commonly used. 

One feature of the Thomas autometer recommended by the Leeds & Northrup 
Company, which we have not used to date, is the applying of insulating material 
around the 12-gal. (45-liter) reagent bottle. Using this insulation prevents sudden 
temperature changes in the water, thereby insuring more uniform reagent flow rates. 

To obtain the maximum use from the autometer, it was necessary to make it 
very mobile, enabling it to cover readily the study area of approximately 500 sq. mi. 
To accomplish this, the instrument was housed in a mobile laboratory which was 
designed and built onto the chassis of a 14%-ton International truck. 


2. Hosey, A. D.; Paulus, H. J., and Nevins, F.: Notes on the Operation and Calibration 
of Leeds & Northrup Thomas Autometer, Indust. Hyg. Newsletter 11:38, 1951. 
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Undoubtedly, very many mobile laboratories have been designed and built and 
other autometers have also been set up as mobile units ; but the important fact about 
this mobile laboratory is that it was built for only about $2,500 exclusive of the 
truck cost. The laboratory was designed and all specifications were drawn up by 
George 1). Clayton, Senior Sanitary Engineer, Division of Occupational Health, 
United States Public Health Service, Cincinnati. 

Several special features had to be considered in the design of the laboratory. It 
had to suit the requirements of the autometer as well as be serviceable as a laboratory 
tor other analytical work to be performed in the study. It was necessary to maintain 
relatively even temperatures above freezing in the rigorous winter climate of Detroit. 
Special attention had to be given to the sampling ports so that they could be used 
with a minimum amount of inaccuracy and inconsistency. The ports were built in 
the roof, one near the front of the body in the center to be used as an intake-air- 
sampling port for the autometer and two others on either side of the roof near the 
rear. The ports were made in the roof to eliminate eddy currents so far as possible 
and to get away from the buffer zone of relatively static air near a vertical wall, 
such as the sides of the laboratory. 

The body was fabricated by a local manufacturer. The main structure, cross 
members, posts, roof bows, door posts, and rubrails are of high tensile steel, with 


additional supports in the front roof bows to support a 50-gal. (190-liter) water 
tank, 


Twenty-gage stretcher level steel was used for the sides, front, and rear, 
with 24-gage yalvanized steel on the roof. The floor was 14% in. (2.9 em.) ship- 


lapped oak covered with heavy inlaid linoleum. The walls, including the door, are 
insulated with 2 in. (5 em.) of glass wool; the ceiling, with 4+ in. (10 em.) of glass 
wool, Windows on either side and in the door are of safety glass, and copper screens 


are provided for the side windows. The windows may be opened outward without 
disturbing the screen. 


Kitchen-type cupboards and sink were installed instead of laboratory furniture, 
as it was felt that they would adequately serve the requirements at a much lower 
cost. A kitchen unit of drawers and shelves was assembled along one side and 
covered with formica® to make a worktable. The sink, drain boards, and another 
unit of shelves and drawers similarly covered provided worktable area on the other 
side of the laboratory. The 50-gal. water tank, which was suspended from the 
ceiling in the front right corner, was made of 20-gage rust-proof galvanized steel, 
which was further rust-proofed by painting the inside with Tygon paint. The tank 
was connected to the sink and to the filling and overflow lines with 4% in. (1.3 cm.) 
copper tubing. A '4 in. (0.7 em.) copper tube was soldered directly into the sink 
line to provide water to the “deeminizer,” * which is used to provide mineral-free 
water for the solution used in the autometer. The water lines are so arranged that 
the tank can be filled with an ordinary garden hose from a port on the outside of 
the truck body. 

The unit is wired for electricity. Two fixtures, each with two 48-in. (122 cm.) 
40-watt fluorescent light tubes, are provided on either side, and two-way outlets are 
located on each wall. An additional outlet is located near the front in the floor for 


the autometer, which is centrally located approximately 2 ft. (60 cm.) from the 


3. Made by A. S. Aloe Co., St. Louis. 
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front of the laboratory. An emergency light, which operates off the truck battery, 
is located in the ceiling. 

A cabinet for reagents is provided along the left wall at the front. This is an 
ordinary three-shelf metal cabinet without special provisions for holding bottles 
while in transit. It has been found that moving can be accomplished without break- 
age by providing a bumper of several wraps of rubber tape around the bottles. 

Laboratory glassware is stored in the drawers and on the shelves, wrapped or 
nestled in paper packing material. Brackets attached to the ends of the cabinets 
hold aluminum rods in place in front of the doors and drawers, preventing them 
from opening while the vehicle is in transit. 

Heat for the laboratory is provided by a Hunter Model UH-510 heater which 
operates on 6 volts, draws 14 amperes, and is connected to two 6-volt truck batteries. 
The heater is rated at 25,000 British thermal units (B. T. U.) per hour and is 
equipped with a fan rated at 150 cu. ft. of free air per minute. The unit is directly 
connected to the fuel tank of the truck and equipped with safety features to minimize 
explosion or fire hazard from gasoline leakage or improper operation. Fresh-air 
intakes are provided in the floor near the heater. A house-type thermostat on the 
wall aids in maintaining desired temperature. Because of the high electrical demands 
of the heater, it was found necessary to add the second battery to the electrical 
system of the truck, and a battery charger is used continuously, charging at a rate 
of 15 to 18 amperes. 

The unit has been so designed and built that only a few minutes is required to 
prepare it for moving, and upon reaching the new site of operations, the autometer 
can be running again in a very few minutes if the source of 110-volt electrical power 
is readily available. Usable data can then be obtained as soon as the autometer 
reaches the operating temperature of 120 F. Time lapse before reaching operating 
temperature can be minimized by maintaining temperature in the laboratory with 
the gasoline heater while in transit. 


lectrical connections on the truck are such that the time required to get power 
into the unit is dependent upon the availability of an outlet, as the power cable into 
the fuse box of the truck need never be disconnected. Sufficient extension cord is 
carried to set up within 100 ft. of a power source. It is always desirable and usually 
the practice to set up the autometer some distance away from buildings in order to 
get more accurate results. 


Plans for the building of this mobile laboratory may be procured by writing to 
the Division of Occupational Health, 1014 Broadway, Cincinnati 2. 
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Obituaries 


FENN EUGENE POOLE, M.D. 
1906-1952 


The untimely and tragic death of Dr. Poole in an automobile accident on Sunday 
morning, Sept. 21, 1952, ended the career of one of the ablest young industrial 
physicians of our time. He had just returned from a conference at the Boeing Air- 


FENN EUGENE POOLE, 
1906-1952 


craft Company in Seattle on high altitude flying equipment for the protection of 
jet pilots from sudden loss of pressure or anoxia above 40,000 feet. 

Dr. Poole was born in Coldwater, Mich., and spent part of his early youth in 
the West Indies, where his parents were missionaries. He obtained his medical 
training at the College of Medical Evangelists in Los Angeles, receiving his M.D. 
degree in 1932. From 1931 to 1933 he was an intern at the Los Angeles General 


Hospital, and from 1933 to 1936 a surgical resident. He was an attending surgeon 
until his death. In 1936 he entered private practice as a general surgeon in Glendale, 
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Calif. He was a member of the statf of four ditferent hospitals in the Los Angeles 
area and chief of staff of the St. Joseph Hospital, Burbank, during its first year of 
operation. 

In November 1938 he was made Medical Director of the Lockheed Aircraft 
Corporation of Burbank, Calif. In this company he organized and directed one of 
the largest and most progressive industrial medical establishments on the West 
Coast during World War II. Because of the large number of physically handicapped 
workers who were necessarily employed during that period, the Lockheed Physical 
Limitations System was developed under his direction. This plan has been widely 
adopted by many other industrial concerns throughout the country. 

He served on the Board of Directors of the American Association of Industrial 
Physicians and Surgeons from 1942 to 1946. He was one of the charter members 
of the Airlines Medical Directors Association and active in many other technical 
societies in the field of industrial and aviation medicine. 

In 1945 he established his own industrial clinic in Glendale, Calif., under the 
title of F. E. Poole, M.D., and Associates. In 1947 he developed a similar project 
at the Los Angeles International Airport. Both proved timely and have resulted in 
excellent medical programs covering a maximum number of workers at minimum 
cost. 

In 1947 he became Medical Director of the Rexall Drug Company and set up for 
them a medical program throughout the organization. He helped to establish Riker 
Laboratories, a Rexall subsidiary for medical research, of which he became a vice 
president. 


Dr. Poole contributed from his knowledge in the field of industrial medicine to 


numerous technical journals, and he had served as an Associate Editor of the 
A. M. A. Arcuives or INDUSTRIAL HYGIENE AND OccCUPATIONAL MEbICcINE and 
of the Annals of Western Medicine and Surgery since 1949. 

His wisdom and good judgment in dealing with people, his persistence in the 
execution of his ideas, and his capacity for deep and lasting friendships should 
serve as an inspiration to others who may wish to make industrial medicine their 


chosen career. Ross A. McFarLAnp 
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Abstracts from Current Literature 


General 
PreRSONALITY APPRAISAL OF THE INJURED. H. Monneimer, Indust. Med. 21:206 (May) 1952. 


A study made at a large industrial hospital has indicated that the predominant behavior 
pattern of patients with minor trauma can be classified under one or more of the following 
headings: narcissism, dependency, aggression, and anxiety. All four types of behavior reactions 
manifest a temporary regression into primitive or infantile modes of action. A combination 
of any of these behavior patterns is normally present in all cases and is considered serious 
only if intensified or prolonged. Such patterns indicate the presence of preexisting emotional 
difficulties and consequently a more complex psychological reaction to the injury. Frequently 
they cause conversion hysteria or traumatic neurosis. Effective therapeutic efforts for recovery 
require an understanding of the psychological as well as the physical factors involved. 

The attitude of the medical attendant is exceedingly important in acceleration or delay of 
the primary recovery of traumatized persons. Frequently the physician is handicapped by 
subconscious tendencies of neglect, overanxiety, counteraggression, or resentment. In- such 
cases his behavior pattern may actually encourage the development of conversion hysterias 
and traumatic neuroses in the patients 

\ brief discussion of the four major types of behavior patterns and illustrations of each 


type are included Satpt, Boston 


Resipency Procgram—Mepicine In INpuUstry. Tuomas C. FowrKes, Indust. Med. 21:244 
(May) 1952. 


lhe medical department of the Standard Oil Company (New Jersey) has recently announced 
the inauguration of a residency training program in medicine in industry. The objectives of 
this program are (a) to provide practical experience and training necessary for the physician 
employed in modern industry and (b) to help the candidate qualify for specialist certification 
or degree 

Candidates are selected from single graduates of approved medical schools who have com- 
pleted one or preferably two years of internship in an approved hospital. 

Existing company facilities and staff will be used for the most part in this program. The 
resident will be considered as a temporary employee and will receive compensation. 

The total duration of the residency program is 18 months, 6 months of which will be 
spent in the medical department of the Standard Oil Company (New Jersey) and its domestic 
affiliates and the remaining 12 months in the medical department of the Lago Oil & Transport 
Company, Limited, a Jersey affiliate operating in Aruba, Netherlands West Indies. 


Saipt, Boston. 


Cuinican Orientation To Atconorism. R. G Indust. Med. 28:251 (June) 1952. 


The article was prepared in an “attempt to present a clinical orientation to alcoholism 
that could be applicable in an industrial situation and could enable an industrial physician to 
recognize the various stages leading to and following the development of alcohol addiction.” 
It begins with a set of hypotheses based on an understanding of the nature of toxic chemicals 
and the effect of chronic exposure to such chemicals. Ethyl alcohol is the most frequently 
consumed toxic chemical in North America. 

\ brief description of ethyl alcohol and its physiological and anesthetic effects are included. 
Although the physiological effects of alcohol, resulting from direct interference with metabolism 
and disturbance of balanced nutrition, are important, the most significant changes in the body 
are those resulting from its anesthetic effects. The anesthetic effects are produced by inter- 
ference with important stages in the oxidation of glucose and are related to the rate of 
alcohol intake in excess of alcohol elimination by oxidation and excretion. The primary effect 
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is on the nervous tissue. It is believed possible that the endocrine system and liver may be 
affected either directly by the anesthetic action of alcohol or indirectly through the primary 
brain disturbance. 

For purposes of orientation all drinking is classified into seven phases in the order of 
increasing seriousness. The symptoms, organ systems involved, pathology, and possible treat- 
ments are discussed for each phase 

A method for tracing alcohol history, evaluating status, and outlining future progress is 
presented. The method includes the use of graphs and profiles which can be filled in by the 
nurse or the patient and thus relieve the physician of a great deal of work. 

Avoidance of the use of other sedatives in the treatment of alcoholic addicts is emphasized. 

The industrial physician is in a unique position to recognize dependent toxic drinking 
before it reaches the stage of alcoholic disease. He can do much to prevent unnecessary 


illness from alcohol. > 
Saipt, Boston. 


THe INpusTRIAL PuysiciaAN AND THE WorKERS’ Home 
Med. 21:273 (June) 1952 


C. W. Garter, Indust 


The industrial physician is generally consulted by employees concerning family matters 
as well as medical problems. The usual family questions asked fall into two categories: those 
which affect the worker and his wife and those which concern his children 

The first, and smaller, category requires utmost care and attention on the part of the 
physician. The questions usually involve sex problems and other family maladjustments, with 
resulting psychological difficulties in the employee 

In the second category, the child’s failure in school is the worker's No. 1 worry. The 
cause may be organic, such as slight astigmatism, color blindness, high-frequency deafness, 
tinnitus, or crossed laterality. The child's psychological reaction to such organic defects may 
often cause him to appear stupid or “a failure.” Or the cause may be psychological, involving 
emotional factors such as fear, nervousness, or anxiety, with such outward physical mani- 
festations as headaches, fainting spells, or fatigue. Often the parents are at fault and should 
be made aware of it tactfully. If the emotional upset is severe, proper guidance should be 
obtained at a clinic. Usually the best cure for the child is more affection and security plus 


something to keep him busy. 
The industrial physician, through the medium of his position, can make a definite contribu- 


tion to the mental health of the workers 


SAIpI, Joston. 


Low-Back X-Ray Survey: A Review or 1,500 Cases. A. E. 


and A. M. W. Hursu, Indust. Med. 21:319 (July) 1952. 


Disability from low-back symptoms causes more lost man-hours than any other condition 
in this country. This can be explained partly by the fact that the lumbosacral region is more 
frequently the site of anomalies than any other part of the body. Such anomalies are usually 
the cause of later pain and disability. 

A survey of 1,500 male applicants for train and engine services was made with the object 
of eliminating those applicants who had low-back instability as the result of anomalies, disease, 

‘ or other conditions which could form a basis for future medicolegal action. The result of 
the survey indicated that 45% of the applicants had various conditions involving single or 
multiple lesions, most of which caused rejection for employment. 

Brief discussions of the major conditions found are included. 

Preemployment x-ray examination of the low back has become an established procedure 
in some large industries in which hazardous and heavy skilled labors are involved. The x-ray 
findings are of great importance for medicolegal reference, and their illuminating value far 


surpasses the cost. Sarpt, Boston 


A ProGraM oF TETANUS IMMUNIZATION FOR INDUsTRY. E. Q. Hutt, Indust. Med. 21:322 
(July) 1952. 


In approximately 10% of patients sustaining an injury who have been treated with tetanus 
antitoxin delayed reactions develop, to what is often a disabling degree. Such reactions cannot 
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be predicted, although it is believed that the size of the dose of the antitoxin determines the 
severity of reaction, if present. The frequency of tetanus, plus the severity and number of 
reactions encountered after administration of antitoxin, has led some investigators to believe 
that all persons exposed to tetanus should be actively immunized. 

Active immunization with alum-precipitated toxoid causes the production of circulating 
antitoxin, which reaches a maximum in three to five months and is retained for variable 
lengths of time before it recedes. Once basic immunity has been established, an additional 
dose of the toxoid is all that is needed for a prompt rise in antitoxin. No serious reaction 
follows active immunization, and the ability to respond to a second dose of the toxoid is 
retained for years. 

A program of tetanus immunization was instituted at the Belle, W. Va., plant of E. I. 


du Pont de Nemours & Company, with successful results. Saens Boston 
ston. 


Tue ALLerGic EmMptoyee. M. S. Tensrinck, Indust. Med. 21:341 (July) 1952. 


An outline of a pilot testing service for allergy in industry, using only the antigens which 
are considered the common offenders in allergic disease, is presented. The outline indicates 
that more than 80% of allergic persons receiving desensitization injections regularly can expect 
improvement in their seasonal or perennial complaints. The improvement will continue if 
treatments are followed for more than one season. 


Tabulated results of the tests are included. Sarwt, Boston. 


Tue Mepicat Prosiems or THE Gas INDUSTRY. 
Officers 2:22 (April) 1952. 


R. E. W. Fisuer, Tr. Assoc. Indust. M. 


The continuous expansion of the gas industry indicates a corresponding increase in the 
medical problems of that industry. 

The injuries most commonly encountered in the gas industry are (a) entry of foreign bodies 
into the eye, (b) strain of the back muscles, and (c) fracture of the terminal phalanx of the 
great toe. Other health risks of the gas industry are enumerated as follows: 

1. Dermatitis. Contrary to common assumption, industrial dermatitis is very rare in the gas 
industry. Simple folliculitis due to heat and the friction of rough clothes heavily soiled with 
sweat and dust on skin moist with sweat is not uncommon, but it can easily be cured by 
frequent changes of clothing and adequate bathing. 

2. Carbon monoxide poisoning. Although occurrence of carbon monoxide poisoning is rare, 
the risk is always present. Preventive measures as well as adequate resuscitation facilities 
should always be on hand. 

3. Heat cramp and exhaustion. Heat cramp and exhaustion cases are extremely rare, owing 
to the fact that workers who are in close contact with the ovens and retort houses work in 
shifts. 

4. Effects on the eyes. Discomfort of the eyes produced by excessive heat can be reduced 
by the use of goggles. 

5. Silicosis. Silicosis, although not uncommon, can be reduced by increasing the silica content 
of retorts, which would make them more durable and, therefore, less susceptible to minor repairs. 
Silicosis is usually caused by excessive handling of silica in repair projects. 

6. Effects of tar on the skin. Tar dermatosis and tar neoplasm are fairly common among 
tar distillery workers. Althougt all occupational skin cancers are curable, some cases of tar 
cancer go unrecognized until it is too late. 

7. Tar warts. Tar warts are commoner among tar workers than among gas workers. If 
neglected, they may become malignant. Tar warts can be successfully treated by low voltage 
x-rays. Some preventive measures for tar warts are suggested. 

A description of the medical services provided in the 12 areas of the nationalized gas 
industry in Great Britain is included. 


mes 
e 
= 
& 
: 
a 
a 
4 
i 


ABSTRACTS FROM CURRENT LITERATURE 455 


The author presents numerous recommendations concerning the type and amount of medical 
services necessary for various gas industries. The extent of the services necessarily varies 
with the size of the plant. No industry, however small, can afford to be without an active 


first-aid organization. 


ORGANIZATION OF MEDICAL REHABILITATION AND INDUSTRIAL RESETTLEMENT. C. J. S. 
O’Mattey, Tr. Assoc. Indust. M. Officers 2:29 (April) 1952. , 


Medical rehabilitation can be considered the fourth major element of medical practice, the 
other three being prevention, diagnosis, and treatment. The author defines it as “the process 
whereby a man is made mentally, physically, socially, vocationally, and economically equivalent 
to what he was before he became sick or injured.” 

A survey of 100 disabled unemployed has indicated that such patients can usually be classified 
into three categories according to the amount of confidence and enthusiasm they may have in 
their own capabilities. Some of the factors inside and outside the hospital, which influence the 
physical, mental, and emotional condition of the disabled, are discussed. Among such factors 
are the physician, nurse, physical therapist, relatives, trade unions, employers, and workmates. 

A brief discussion of the history of rehabilitation in Great Britain and of the organizations of 


medical and industrial rehabilitation is included. 
| 


Saip1, Boston. 


Economic Losses Causep By LEAD 1n A Leap Battery PLant. J. MULLER, Prac. lék. 
4:18 (March) 1952. 


Economic losses caused by lead poisoning in one workshop of a lead battery plant were 
determined. Hygienic defects in this shop were discussed and recommendations for their 
removal suggested. The cost of the recommended measures was determined, and it was 
calculated that by carrying out hygienic measures recommended the amount of 347,552 crowns 
a year could be saved in this single shop. 


The duty of industrial hygienists to find and to press for the improvement of hygienic 
conditions in small plants where with relatively small investments great damage to the health 
of workers and considerable economic losses can be prevented is also discussed. 


Causrs oF ILLNEss IN Group OF INSURED Persons. Kaztmir Moprié, Arhiv hig. rada 


3:7, 1952. 


The author studied and analyzed the causes of invalidism among 3,147 insured persons, 
of whom 2,263 were workers and 884 salaried employees and 2,326 were men and 821 women. 
The average age was 52.2 years, the age being highest among male workers (54) and 
lowest among female employees. The average age of the men was 53.6 and of the women 
48.2. The low mean age of female teaching personnel (43.6) was particularly noteworthy. 


Among the causes of invalidity, diseases of the cardiovascular system occupied first place, 
with 40.96% of the cases. Arteriosclerotic changes in blood vessels and myocardiopathies 
prevailed, while other diseases of the cardiovascular system covered only 7.22%. 


Second place was occupied by respiratory diseases, with 15.82% of the cases—almost 
‘ exclusively enlargement of the lung with bronchocatarrhal symptoms. These diseases are 
much more frequent among workers than among employees, and they can be considered 

typical workers’ diseases. 

Diseases of the central and peripheral nervous system (10.67%) occupied third place. Contrary 
to what has been observed in respiratory disease, they were twice as frequent among office 
workers as among workmen, and their incidence corresponded to Tisk’s percentage for American 
employees. 

Tuberculosis came fourth, with 9.50%. It was, however, the main cause of early invalidity. 

The order of sequence of other diseases was as follows: rheumatic conditions, 5.52%; 
asthenic conditions, 4.06% ; diseases of the eye, 3.36%; diseases of the digestive tract, 2.79%, 

and so forth. 
The author analyzes carefully each group and compares the groups with one another. He 
also puts forward measures for the prevention of early invalidity. 
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Physiology and Nutrition 


PsycHosoMatic Principles oF NUTRITIONAL THerapy. H. T. Kerry, Indust. Med. 21:266 
(June) 1952 


Psychosomatic principles have important 


therapeutic connotations in every medical 
surgical case 


or 
They are of particular significance in determining the etiology of nutritional 
deficrenc y 


Phe nutritional behavior of the individual gives rise to certain psychologic representations. 
For example, appetite is the psychologic response to the physiologic condition of hunger. The 
sum total of such psychologic responses is subject to many variations, the initial pattern having 
been formed in early infancy, when pleasure and pain were associated with the eating process. 
The intricate pattern of such associations manifests itself in many ways in adulthood. Obesity, 
for instance, is believed to stem in 90% of the cases from a desire to obtain immediate gratifica- 
tion and can be traced back to a lack of sufficient love and security in infancy. 

Special diets do not by themselves give ultimate therapeutic results in most cases. 
should often be accompanied or preceded by 
physician to understand: his patient’s 
medical problem 


They 
for the 
cioeconomic and psychologic needs as well as his 


active psychotherapy. It is essential 


The importance of psychotherapy along with dietary guidance is emphasized for patients with 
peptic ulcers and diabetes 


Satpi, Boston. 


The bkerect oF WorK IN EXTREME TEMPERATURES ON THE HEALTH OF CHIMNEY SWEEPS. 
WaktscHova and Cimerka, Prac. lék, 4:25 (March) 1952. 
The effect of extreme temperatures in chimney-sweep work, immediately after finishing 


the work in heat, was studied, and the health condition of the chimney sweeps compared with 
that of a control group. No significant differences were found in the incidence of disease of 


the cardiovascular system or of the diseases of the upper respiratory passages. 


\cTIoN oF Potsons ON ANIMAI 


ORGANISMS AT TEMPERATURE. 


Novrotskit and S. M. DupasuinsKaya, Gigiena i sanit. 8:22, 1951. 


Experiments with CoH», gasoline, PhNM., and CO in the atmosphere on white mice, white 


rats, and rabbits showed that the toxicity of these materials increased at higher than normal air 
temperatures, The effect is particularly 


strong when the thermoregulation of the animal is 
disturbed 


G. M. Kosovarorr [Cuem. Asst.]. 


Occupational Diseases and Hazards 


CuromMate Workers. P. L. 
8:302 (Oct.) 1951. 


CARCINOMA OF THE sipstrupP, Brit. J. Indust. Med. 


In a survey of 724 workmen out of the 765 employed in the chromate industry in Great 
Britain, involving mass x-ray and clinical studies, one case of pulmonary carcinoma was found. 


Comparison of this rate with that of the general population does not make it possible to 


assess the true incidence of carcinoma among chromate workers in Great Britain, but the 
that the crude death rate is unlikely to be as great as 25 times the normal. 


Examination of the same workers will continue. 


results suggest 


[CONDENSED FROM THE AUTHOR'S SUMMARY] 


Preumocontosis or Coat Miners tn Nortu East ENGLAND WITH SPECIAL REFERENCE 

ro THE DurHAM CoaLrietp. R. 1. McCarium, Brit. J. Indust. Med. 9:99 (April) 1952. 
The true prevalence of coal miners’ pneumoconiosis in Northeast England is unknown. 
This paper discusses the past history of the disease and presents observations on its present 
prevalence 


\ mass miniature x-ray unit started work in the pits of County Durham in 1948. For 
the examination 44 to 61% of the men volunteered. In order to determine the accuracy of 
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the miniature films for diagnosis, 102 large films were taken for comparison. When comparison 
Was made, it was found that 35 miniatures were too high, 27 were too low, and 40 were in 


agreement. This indicates that the miniature films may be misleading. The evidence suggests 
that a minimum of 3 to 6% of men in the Durham pits show well-marked pneumoconiosis. 
The lung changes are similar to those seen in miners in the soft-coal areas of South Wales 
but are less severe. 

Future developments in the coal fields of Northeast England will tend to intensify dust 
production and hence pneumoconiosis, unless dust supression methods are considerably extended. 


B. H. Ampwur, Boston. 


IMPROVED METHODS FOR INVESTIGATING Dusts In LuNGs. G. PrerrERKORN, Arch. Hyg. u. 
Bakt. 135:7, 1951. 


As none of the published methods of isolating dusts from lungs is satisfactory, new methods 
were developed and old ones reexamined. The method favored is treatment with hot con- 
centrated hydrogen peroxide, followed by Soxhlet extraction with ether-alcohol. These two 
treatments must be repeated several times. Endogenous salts are next removed by extraction 
with dilute hydrochloric acid. The residue is separated by sedimentation [in water?] into 
iractions above and below 1 #, and the fraction above 1 # may be further subdivided by 
centrifuging with heavy liquids. This centrifuging is carried out in capillaries of about 2 mm. 
internal diameter, and it must be done repeatedly to give complete separation. Dispersion in 
between centrifuging is done in an ultrasonic field, and after the last centrifuging the capillaries 
are cut to separate the fractions. 

Using this technique, the author found that sericite recovered from lungs had a density 
of 2.4 instead of 2.8, and further studies demonstrated that organic skins still surrounded 
the sericite grains after all previous treatments. By boiling with dilute ammonia, which does 
not dissolve amorphous silica, these skins could be removed. Kaolin isolated from lungs also 
never showed its true density. These organic skins may cause visible effects in electron 
microscopy of lung dust. It is concluded that it is not possible to isolate mineral dust from 
lungs in a pure form without attacking the dust chemically. Organic skins on the dust are 
very tightly held and are increasingly important as the size of the dust particle decreases. 


G. NaGevscumipt Hye.]. 


THe PNeEUMOocONIOsIS OF SLAG Mitts. P. Gencoux, Arch. belges méd. sociale hyg. 8:514 
(October) 1950. 


The slag produced in the basic, or Thomas, process of steel manufacture is used as a 
fertilizer and for this purpose is reduced to a very fine powder. Out of 93 workers with at 
least 10 years’ exposure to slag dust, 15 showed x-ray changes which could have been caused 
by dust. In only one case did the lung appearance go beyond the micronodular stage; there 
was no evidence of massive shadows, in spite of the frequent association of tuberculous infection 
in the more @r less active state (5 cases). The conclusion is that the health of basic slag 
workers is not bad. Beis. Siva: 


An ATTEMPT TO EVALUATE THE Tota Errect oF WORKING ON THE SiLicosts HAZARD IN 
THE MINES oF PRipramM. J. Tersincer, K. Reysex, and K. FiSer, Prac. lék. 4:1 
.(March) 1952. 


The extent of pulmonary silicosis in the mines of Pribram is evaluated. An attempt is made 
to evaluate the whole working hazard in relation to the incidence of silicosis, taking into account 
the conditions of dustiness (number of particles, amount of free silica), meteorological conditions 
(temperature, humidity, air flow), and conditions of physical work. For this reason, the working 
place was divided according to the hazard into five categories (the hazard increasing from one to 
five). In cases of simple silicosis, complicated silicosis, and silicotuberculosis, a degree of 
exposure ranging from 3.69 to 4.22 (the most serious being 5) was determined. It was shown 
that in silicotuberculosis the greater the exposure the shorter the time required to cause 
unfitness to work. The relationships deduced hold true only for the present. 
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Tue TREATMENT OF SECONDARY DISEASES AND THE REHABILITATION OF SILICOTICS AT 
Lo Stos Spa. L. SprSka, Prac. lék. 4:7 (March) 1952. 


In the treatment of the diseases accompanying silicosis the following conditions must be 
considered: chronic bronchitis, bronchospasm, pleurisy, emphysema, neurosis, infection of the 
bronchi, and cardiac complications. 

It is possible to improve these conditions by treatment based on the following therapeutic 
principles: (1) climatic treatment, involving nonspecific stimulation and natural aerosols; (2) 
terrain treatment with graded walks and suitable increases of exercise; (3) breathing exercises 
leading to a reeducation of respiration by the aid of the auxiliary muscles of respiration and 
the forced prolongation of expiration; (4) physical therapy (diathermy of the chest), electro- 
therapy and water therapy; (5) aerosol treatment with the use of various bronchodilator drugs 
(the valuable action of a 1% solution of procaine hydrochloride is pointed out, since it has 
anesthetic, bronchodilator, and antihistaminic effects—interrupting the intrabronchial intero- 
receptors [?]); (6) treatment by drugs and the use of antibiotics (penicillin). 

A regimen of treatment is absolutely essential, and it is necessary to pay attention to 
providing a favorable psychotherapeutic atmosphere in the institution. It is necessary to prepare 
patients for treatment and to give them a diet rich in fats. 

Treatment is indicated for all forms of silicosis, excluding complicated forms and active 
tuberculosilicosis. 

One hundred eighty-two cases are reported. After treatment, all the patients felt considerably 
better; the respiratory difficulties in particular had been relieved, and also oppression and cough. 
The signs of bronchitis which could be detected objectively also disappeared. In 71 patients 
vital capacity was measured before and after treatment. It improved in 62% of the miners 
on an average of 204 cc. It was further ascertained that the majority of silicotics have neurotic 
manifestations, and the improvement of these conditions is an essential part of treatment. 

Rehabilitation as such is only possible in the early stages of the disease (signs of dust in 
the film). It will be possible to consider the rehabilitation of patients no longer suitable for 
work in the mines only when they have been retrained for other work. 


Industrial Toxicology 


ToxicoLoGy AND Hazarp oF THE NEWER Pesticipes. F. Princi1, Agr. Chemicals 
7:44 and 97 (Jan.) 1952. 


The author discusses difficulties inherent in the assessment of toxicity of pesticides. It 
has been demonstrated many times that the results of animal experimentation cannot give reliable 
evidence on human toxicity. For instance, nitrogen trichloride has been found injurious to 
dogs but there are no known cases of human poisoning. On the other hand, beryllium has failed 
to show in animals the same effects as in the human body. The only conclusive evidence, 
then, on toxicity to man rests upon clinical experience and reports of poisonings. The cases 
of poisoning by the other organic phosphates, organic mercury compounds, and chlorinated 
hydrocarbons have been mostly from either accidental or purposeful ingestion of from other 
accidental exposure involving gross carelessness. 

That is particularly true of chlorophenothane (DDT), on which the reports are fullest. 
In the use of enormous quantities of pesticides, evidence of poisoning resulting from their use 
with ordinary care is almost nonexistent. There is no foundation for the sensational adverse 


publicity that has been given these materials. Inpust. Hye. Dicest. 


CHROMIUM INTOXICATION WITH SPECIAL REFERENCE TO Hepatic Injury. LUKE R. PAscat, 
SHetpon S. GERTRUDE ENGBRING, ALVIN DuBIN, and Paut B. Szanto, 
J. A. M. A. 249:1,385 (Aug.) 1952. 


Acute hepatitis with jaundice was observed in a person employed in the chromium electro- 
plating industry. Chromium was identified in the urine on several examinations. Liver biopsy 
showed histological changes resembling those found in “toxic” hepatitis. In four other electro- 
plating workers, found to be excreting significant amounts of chromium in the urine, hepatic 
tests and liver biopsy showed mild to moderate abnormalities. These workers had no symptoms 
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related to the liver or other internal organs but did have the nasal lesions frequently attributed 
to chromium intoxication. The appearance of hepatitis in a chromium worker, as well as the 
existence of hepatic dysfunction in workers with no constitutional complaints, suggests that subtle 
systemic intoxication of employees of industries using chromium may be a definite health hazard. 


ADAPTATION OF AUTHORS’ SUMMARY. 


INSECTICIDES, RODENTICIDES, AND FumMIGANTSs EmpLoyep Pustic HEALTH ACTIVITIES. 
NATIONAL RESEARCH CoUNCIL, DivistoN OF MEDICAL SCIENCES, WASHINGTON, D. C., 
reprinted, Mod. Sanitation 4:21 (March) 1952. 


This is a selected list of pesticides which play an important role in public health activities, 
giving their common synonyms or trade names, chemical names, and formulae, together with 
notes on their mammal toxicity. This list was prepared by a subcommittee at the request of 
the Air Force field personnel and has been approved by the Committee on Sanitary Engineering 
and Environment for distribution to all interested workers in the field. 


Inpust. HycG. Dicest. 


ARSINE PotsoninG: A REVIEW WITH DESCRIPTION OF A Fata Case. S. Locket, W. S. M. 
Grieve, and L. Puiriips, Tr. Assoc. Indust. M. Officers 2:14 (April) 1952. 


The general aspects of arsine poisoning and the pathogenesis of the symptoms are discussed ; 
the symptoms and signs of obvious intoxication are reviewed in some detail, and some bio- 
chemical changes in severe cases are discussed. 


A fatal case is described, together with the morbid anatomy and biochemistry. This case 
is important in that it shows the presence of severe oliguria from the time of inhalation of 
arsine and three days before hemolysis and anemia were of gross degree. 


Treatment of the condition is described, particularly with reference to the management of 
cases of anuria and the fatal results of the liberal administration of fluids in this condition. 


ADAPTATION OF AUTHORS’ SUMMARY. 


Tue INFLUENCE OF DieTARY PROTEIN ON Liver INJurRY Due To CARBON TETRACHLORIDE 
In Docs. C. J. BARDAwILL and A. G. GorNnat, Canad. J. M. Sc. 30:272 (June) 1952. 


Six adult dogs, previously exposed to carbon tetrachloride and allowed a recovery period 
of seven months, were kept at different times on isocaloric low protein and moderately high 
protein diets. During each of these periods a series of 16 consecutive doses of carbon tetra- 
chloride was administered. Liver function was tested fortnightly by means of the sulfobromo- 
phthalein sodium excretion test, determination of serum alkaline phosphatase, and serum protein 
fractionation. Biopsy specimens were also examined. There was considerable variation from 
one dog to the next. Analysis of the data indicated that the acute phase of liver injury during 
carbon tetrachloride administration was accompanied by less derangement of function when the 
dogs were on a low protein diet. In the recovery phase, the higher protein intake resulted 
in a somewhat more rapid restoration of function. It is suggested that some restriction of 
protein is probably desirable during the acute phase of any destructive liver lesion. Once 
recovery and regeneration set in, generous amounts of protein in the diet will tend to hasten 
the repair process. 


VALUE OF HAEMATOLOGY IN D1AGNOsIS OF CHRONIC PLUMBISM. JANE M. FULLERTON, 
Brit. M. J. 2:117 (July) 1952. 


Hematological examinations were carried on among two groups of lead workers. The 
results are presented in tabular form for comparison and observation. 


The presence of punctate basophilia does not seem to be related to type of work or duration 
of exposure. 

Hypochromia is common where exposure is heavy and is usually accompanied by stippling 
of red cells. The red cell count should be taken as a guide to the general health of the worker, 
and if anemia is present he should be removed from exposure to toxic agents. 

Decreased red cell fragility has been reported in cases of lead absorption. 
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A hyperplastic normoblastic marrow 1s described. 


E-stimations of total lead in the urine of six workers showing punctate basophilia indicated 


that those with greatest hematological changes had the highest urinary lead levels. 


\ stricter hematological control of lead workers is recommended. It is also suggested that 
piecework should be abolished in lead industries where undue haste and carelessness might lead 


Parvin Satp1, Boston. 


TREATMENT OF LEAD POISONING BY THE INTRAVENOUS ADMINISTRATION OF SODIUM 
O. Suiecs, M. J. Australia 2:879 (June 28) 1952. 


Ihe intravenous administration of sodium thiosulfate in the treatment of lead poisoning has 
been studied since 1920. The author makes reference to a number of investigations carried 
on 


the subject since that date and presents in more detail the results of two of such 
investigations performed at Mount Isa (1936) and more recently in Melbourne. The following 
conclusions are indicated 


1. Intravenous administration of sodium thiosulfate for treatment of lead poisoning results 
in rapid improvement in clinical condition without recurrence of symptoms. 


2. The treatment causes an increase in the ratio of monocytes plus large lymphocytes to 


small lymphocytes. ParVIN Satpt, Boston 


SPECTROGRAPHIC DETERMINATION OF LEAD IN BLoop. V. Brustier, P. Mette Cornec, 
and H. Tricue, Compt. rend. Acad. sc. 234:2,367, 1952. 


The powder obtained by drying blood with an auxiliary element added (tin in the form of 
SnCl.) was compared with standard powders containing lead, tin, graphite, and all the mineral 
elements of blood. The synthetic solution containing these elements was first purified by 
coprecipitation of sulfides of mercury and lead. The use of an alternating are excited by a 
high frequency current had the advantages of stability of the condensed spark and a_ high 
sensitivity of the arc. The 2,833 A lead line and the 2,840 A tin line were used with reference 
to a standard curve established in well-defined photographic conditions. Five cubic centimeters 


of blood was used. Accuracy was 5 to 10%, _ : : 


Stupies iN Leap Anemia. Gtutio Sarita, Epoarpo and FRANCESCO 
Froccnt, Med. lavoro 43:99 (March) 1952. 


\s a contribution to the understanding of lead anemia, a study was made of hematological 
data and indices in 41 cases: red cell diameter and erythrocytometric formula, red cell volume, 
spherocytic index, and saturation index. The 41 cases studied comprised 14 cases of lead 
poisoning in the acute stage, 8 cases in the remission phase, 9 cases in the initial phase with 
latent evolution, and 10 cases in the chronic phase. Apart from a few negligible exceptions, the 
results obtained may be classified as follows. In lead poisoning in the initial phase with latent 
evolution the anemia proved to be normocytic and normochromic. In the active phase, the 
anemia was for the most part normocytic, though in many cases there was a tendency toward 
macrocytosis and macroplania; the anemia is sometimes normochromic, though more frequently 
hypochromic, owing to true hypochromia (reduced hemoglobin saturation), and such hypo- 
chromia is in general more marked in cases in which the fall in the red cells is less significant. 
In chronic lead poisoning, the anemia in approximately half the cases is normocytic and normo- 
chromic, and in the other half, macrocytic and hypochromic. The spherocytic index of the cells 
did not, on the whole, show any considerable deviation trom the normal in the four groups 
under observation. The erythrocytometric formula revealed a more marked anisocytosis than 
is normally the case. 

The more frequently noted occurrence of normocytosis together with normochromia, despite 
considerably deep-seated hemopoietic disturbances, may be explained by various forms of inter- 
mingling and reciprocal elision, in the course of the various factors regulating erythropoiesis 
(availability of hemoglobinic material, proliferative activity, rapidity of maturation, medullary 
threshold). The hypochromic macrocytosis often noted in active lead poisoning is related to a 
twofold mechanism: macrocytosis due to erythroformative disturbances, caused by strong 
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medullary stimulation, and regenerative macrocytosis due to lowering of the medullary threshold 
and the passage into the circulation of elements which have not reached complete maturity. 
The hypochromic macrocytosis often met with in chronic lead poisoning may, in its turn, be 
interpreted as macrocytosis proceeding from erythroformative disturbances caused by medullary 
inhibition in the presence of insufficient utilization of hemoglobinic material. 


Due to Paratnion. H. Petry, Zentralbl. Arbeitsmed. u. Arbeitsschutz 1:86 
(July) 1951. 


A case of polyneuritis in a worker with extensive exposure to parathion spray without 
respiratory protection is described. Treatment led to only partial recovery. 


CONDENSED FROM Butt. 


THE INFLUENCE OF THE WorK ENVIRONMENT IN THE MANUFACTURE OF SULFURIC AcID 
ON THE HEALTH OF EMPLOYEES. PELNAR PRemyst, Prac. lék. $:287 (Dec.) 1951. 


One hundred twenty-four workers employed jn the manufacture of sulfuric acid were 
investigated. Of these, 123 were men and 1 was a woman. 


The ages ranged from 17 to 65, 
with an average of 39.67 years. 


The duration of employment in this work ranged from several 
months to 43 years, with an average of 10.81 years. 
The following clinical conditions which might have been related to employment were found: 


conjunctivitis in 28%, nasorespiratory inflammation in 22.6¢ 


22.6%, auscultatory signs of bronchitis 
in 17.7%, corrosion of the dental enamel in 16.1%, emphysema of the lungs in 5.6%, paroxysmal 
cough in 37.9%, headache in 20.1%, digestive disturbances in 13.7%, frequent pyrexial respiratory 
infections in 12.1%, and pneumonia occurring during the course of employment with sulfuric 
acid in 6.5%. 

It is evident that no serious disease occurred with striking frequency. The long average 
duration of employment in this work and the high average age are evidence of the but slightly 
deleterious influence of the environment on the health of employees. 

An investigation of the incidence of diseases according to the duration of employment shows 
a gradually rising incidence of emphysema and dental corrosion \ similar investigation 
according to age shows a gradual increase in emphysema. A similar investigation according 
to factories showed that there is a greater incidence of morbidity in factories with a higher 
amount of dust. The small number of serious findings makes it impossible to evaluate etiology 
and pathogenesis. 

If it is allowable to attribute chronic inflammation of the mucous membranes and emphysema 
of the lungs to the working environment, the amount of dust present is the more important 
factor, and sulfur dioxide and sulfur trioxide are of less significance. 

Prevention consists in the mechanization of production and antidust measures, in the medical 
selection of workers without severe chronic inflammation of the respiratory tract, conjunctiva, 
skin, or alimentary tract, and in prophylactic treatment with regular inhalation of anti-inflam- 


ry I FROM THE ENGLISH SUMMARY. 


THE ABSORPTION AND ELIMINATION OF TRICHLORETHYLENE IN Man. B. Soucek, J. 


TEISINGER, and FE. Pavetkova, Prac. lék. 4:31 (March) 1952. 


Ten inhalation experiments were carried out on nine subjects who breathed trichlorethylene 
vapors in a concentration of 540 to 1,306 y per liter for five hours in a gas chamber. The 
quantitative balance of trichlorethylene was determined, and the following facts were ascertained. 

1. The highest retention of trichlorethylene by the organism occurs the first minute after 
the commencement of inhalation. Later, retention diminishes and stabilizes at an average of 
60%. At the end of the five hours the subjects retained an average of 56% of the trichlorethylene 
inhaled. Even after five hours’ inhalation complete saturation of the blood was not attained as 
given by the distribution coefficient, the value of which as determined in vitro is 10. 
experiments in vivo, the distribution coefficient of blood to air was on an average 


In our 
2.6. 

2. In desaturation, trichlorethylene is excreted partly unbound and partly in the form of its 
metabolites. Free trichlorethylene is excreted by the lungs in amounts of 4 to 43%, an average 
of 19% in 1 to 13 hours (average 7 hours). 
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Amounts of 7 to 27% are excreted in the urine in the form of trichloracetic acid, that is, 


on an average, 16% of the retained trichlorethylene. Excretion is slow; in these experiments 
it lasted from 23 to 29 days. The duration of excretion is related to the quantity of trichlor- 
ethylene retained. 

3. Amounts of 35 to 89% (an average of 64%) of retained trichlorethylene are excreted 


(probably in the urine) as are other metabolites, the character of which has not so far been 
precisely ascertained. 


ABSORPTION AND ELIMINATION OF TOLUENE IN MAN. 
4:41 (March) 1952. 


and TEIsInGER, Prac. lek. 


1. Nine persons in 12 experiments were exposed in the gas chamber to toluene vapors in 
doses ranging from 271 to 1,177 ¥ per liter for five hours. 

2. The average amount of absorbed toluene during inhalation in this time was 53.28% 
(extreme values 41% and 63.5%). 


3. In the desaturation time, the average amount eliminated by the lungs was 16.3% and in 
the urine, 0.06%. 


4. In the organism, an average amount of 84% of the absorbed toluene was metabolized. 


POLAROGRAPHIC DETERMINATION OF TOLUENE IN THE AIR AND IN BIOLOGICAL MATERIAL. 
J. Srpova, Prac. 4:47 (March) 1952. 


A method of polarographic determination of toluene in air, blood, and urine was worked out 
on the basis of its nitration with nitric acid (density 1.50) and on polarographic determination 
at pH 11 to 13. Toluene from blood or urine which has been aerated with air or nitrogen is 
passed through a trap containing 1 to 1.5 ml. of nitric acid. Complete expulsion from blood 
or urine is reached after three hours at a temperature of 60 to 70 C. The nitric acid is then 
diluted, made alkaline with potassium hydroxide in order to form tropeolin O, and further 
diluted with water to give an exact quantity of 15 or 20 ml. Oxygen is removed from the 
soltuion by passing hydrogen through it for five minutes, after which it is submitted to 
polarographic analysis 

Reduction at the mercury cathode takes place in two stages, and the height of the double 
Wave is proportional to the concentration of the dinitro compounds formed. Calibration of the 
curves is carried out with 2,4-dinitrotoluene in 5% ethanol. The limit of sensitivity is 0.1 ¥ 
per milliliter. In the experiments carried out, 93 to 103% toluene added in quantities of 3 to 43 ¥ 
absolute were found. 

Phis method is analogous to the method worked out for benzene, but it is not possible in 
this case to use a mixture of nitric acid and sulfuric acid for nitration since it gives a much 
lower result (60 to 70%). 


Evatcation of Laporatory FinpiIncs oF Leap PotsoninG. JAN MULLER, Prac. 
lek. 4:51 (March) 1952 


The laboratory findings on employees of a lead-battery plant are discussed. The methods 
employed were determination of hemoglobin level, of the stippled cell count, of the porphyrin 
level in urine, and of the blood-lead level. 

1. It was found that none of these methods gives results that could be used as a measure 


of individual exposure or in itself as proof of lead poisoning. 


2. It was found that the best measure of exposure of a group of workers in a workshop is 


the average number of stippled cells, and this method is recommended for the estimation of lead 
hazards in workshops, in addition to the usual methods used in hygienic surveys. Figures 
which can be used for the estimation of the degree of the exposure are given. Surprising at 
first was the fact that blood lead levels cannot be used as a measure of exposure, and the 
reasons tor it are given. 

3. The mutual relationships between the results of individual laboratory methods were 
studied, and conclusions were made for their correct evaluation. 
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4. Greater sensitivity of women to lead was found, and the reasons for this were shown to 
be a hemoglobin level which on the average was lower in women than in men and perhaps a 
greater vulnerability of their blood-forming organs. 

5. Finally, it was stressed that up to now we know only a small part of the factors influencing 
clinical lead poisoning and that the final evaluation of individual cases still depends on a good 
knowledge of the degree of exposure, case history, clinical picture, and laboratory findings. 


Medicine and Surgery 


PoLe Top OTHER MANUAL RESUSCITATION Metuops: A Comparison Stupy. A. § 


Gorpvon, M. S. Sapove, F. Raymon, and A. C. Ivy, Indust. Med. 28:147 (April) 1952. 

Comparative tests of pole-top and manual resuscitation techniques, as carried out on normal 
adults curarized-anesthetized to total apnea, confirm the finding that push-pull methods are two 
to three times as efficient as regards pulmonary ventilation as either the push only or pull 
only methods. For general purposes, the arm-lift back-pressure method should be used. Trained 
personnel should also be acquainted with the hip-lift back-pressure and Sylvester arm-lift chest- 
pressure methods to be used as ready alternatives in special circumstances 

The pole-top method gives adequate ventilation and should be instituted immediately in 
cases in which linemen are shocked on the poles. However, since the vertical position introduces 
complications, the victim should be lowered to the ground as soon as practical. The pole-top 
method should be continued during the descent and one of the more efficient push-pull methods 
begun as soon as the victim can be placed in the prone position. 


CONDENSED FROM AvuTHORS’ SUMMARY. 


First Arp GuIDE FOR THE SMALL PrLant: Tue Detrroir PLAN MANvuat. Indust. Med. 
21:229 (May) 1952. 


The existing first-aid courses and manuals have usually been presented from the standpoint 
of home and outdoor accidents. This siuation has created a problem for industries which require 
a more specialized type of first-aid knowledge. To meet this problem, the Detroit Industrial 
First-Aid Advisory Committee has designed a course and guide particularly suitable fer 
dealing with the type of accidents and illnesses that frequently occur in industrial establishments. 
The guide is reproduced after a brief introduction. It outlines the most essential facts necessary 


for dealing with accidents and illnesses in general and their more particular cases typical 
of industries. 


The guide emphasizes the importance of a large trained personnel and of available space 
d supplies for times of civil disaster. : 
and supplies for of civil disaster Parvin Sarpt, Boston. 


Back-Pressure ArRM-Lirt ARTIFICIAL RESPIRATION. H. Specut, Pub. Health Rep. 67:380 
(April) 1952. 
The author reviews the experimental work leading to the decision of a number of organiza- 
tions to adopt the back-pressure arm-lift type of artificial respiration. 


Inp. HyG. Dicest. 
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News and Comment 


POSITIONS AVAILABLE 


Re-earch project leader tr conduct and supervise research on particles and aerosols t 
Salary $4,205 to $7,040. Maryland 


nmdustrial hygiene service director—farm implement manufacturer, Illinois. Salary, $6,000 


hygienist——chemical company, New York City, with plants located in several 


tates. Salary open 

» 

Tit Industrial hygiene chemist—electrical equipment company, New York State. Minimum 
} ot five years: experience in air sampling, analytical work, and plant surveys. Salary dependent 
| xpericnce 
i Industrial hygiene engineer with experience in air-pollution control. Salary $4,620, increasing 
; over five-year pertod to $5,775. For details, address William F. Reindollar, Sc.D., Chief, 


Division of Industrial Health and Air Pollution, Maryland State Department of Health, 2411 
N. Charles St.. Baltimore 18 


Industrial hygiene chemist or engineer—several years’ experience. Midwest insurance 
company Salary open 


Industrial health engineers (2)—Minimum four years’ experience in public health engineering 
chgible for professional registration. Salary $481 to $584 in 5% steps. Retirement program. = 


bor details, address Fred R. Ingram, Chief Engineer, Department of Occupational Health, 
Cowell Memorial Hospital, Berkeley 4, Calif. 


Biochemist for toxicological research—Ph.D. or M.S. in chemistry with or without experience. 


For details, address Dr. Henry F. Smyth Jr., Mellon Institute, 4400 Fifth Ave., Pittsburgh. 


Industrial hygiene engineer (public health engineer I, or II if well qualified)—salary range 
S336 for 1, $426 to $513 for Il. For details, address Kenneth Y. Flocke, Industrial Hygiene 
Oregon State Board of Health, 1400 S.W. Fifth Ave., Portland. 


PERSONNEL AVAILABLE 


Phe Personnel Placement Committee of the American Industrial Hygiene Association has 


qualified appheants for all phases of industrial hygiene. For additional information on positions 
i ¢ or appheants write to Frederick S. Mallette, Chairman, AIHA Personnel Placement Committee, 
] % American Society of Mechanical Engineers, 29 W. 39th St.. New York 18. 


ANNOUNCEMENTS 


Courses in Radiological Health Protection 


\ series of three two-week courses in radiological health protection, including technical / 
laboratory procedures, will be presented in Cincinnati, commencing Jan. 19, 1953. Each 


succeeding two-week course is dependent upon information gained in the preceding weeks. 
However, the student's previous training and experience may permit him to enter directly the 
second or the third two-week program. Thus, a student, depending upon his particular 


qualifications and need, may take a two-week, a four-week, or a six-week course. 


Phis program, tree of tuition, is offered to qualified applicants by the United States Public 
Health Service at its Environmental Health Center. Its purpose is to assist health-department 


employees and key personnel in other governmental or private organizations to achieve a 
working knowledge of the hazards and problems related to use of x-rays, radioelements, neutron 
fluxes, and particle accelerators 


For further information and registration, write to the Chief, Radiological Health Training 
Section, Environmental Health Center, 1014 Broadway, Cincinnati 2. 
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non-adherent, 
not 


Non-toxic, 
non-macerating—™ 
cause pressure necrosis OF 

increasingly used 


erosion.- 
in place of rubber drainage 


USES 


Vaseline 


Manx @ 


ORS‘s and CSS’ 
s, these 
are used as 
ngs and packings, as plugs 


_ drains—as well as being the 


widely-used defin 
ve dressing for 


CHESEBROUGH MFG. CO., Cons’d 


Professional Products Divisi 
on 
NEW YORK 4, N. Y. 


Insist on these 
superior 
ready-made, 
sterile dressings — for 
r use in indicated surgery, major 
minor, emergency or elective. 


apscess a ge : 
hem 
en 
ip 
as for D g i 
Adopted os standard procedu 
= surgeons, as preferred matéri 
7. =, od 
} 
— (6 in carton) ' 
Sinee Obtainas 
" Carton) "able from yo, 
Source of 
trade-mark of the Chesebrough 
6VASELINE is the registered trad 


+ SEX EDUCATION 


BOOKLETS 


@ FOR YOUNG PEOPLE 

Parents will find the help they are seeking in this modern series 
of pamphlets by Dr. Thurman B. Rice. Being a physician, biologist 
and teacher, as well as the father of a family, Dr. Rice is well 
equipped to deal with this difficult subject properly and helpfully. 


THOSE FIRST SEX QUES- 
TIONS 

For the parents of very young 

children, Answers to the grop- 

ing questions of the littlest 


HOW LIFE GOES ON 

For girls of high school age. 
Their role as mothers of to- 
morrow. 44 pages. 25 cents. 


THE AGE OF ROMANCE 

For young men and women 
dealing with the problem as 
unit for both sexes. 44 


= pages. 25 cents, 
s. 4 8. 25 cents. 
ones. 40 pages > cents IN TRAINING 
THE STORY OF LIFE For boys of high school age, 
For boys and girls ten years interpreting their adolescent 25¢ each 
of age, telling them how the development in terms of ath- . 
young come to plants and letic and other achievements. Set of five : 
= parents. 36 pages. 25 50 pages. 25 cents. in file case, $1.25 ‘4 


@ FOR ADULT READING 


SEX EDUCATION FOR THE PRE- SEX EDUCATION FOR THE MARRIED 
SCHOOL CHILD COUPLE 
By Harold E. Jones and Katherine 
Read. 12 pages. 15 cents. 


SEX EDUCATION FOR THE TEN 
YEAR OLD 


By Emily Hartshorne Mudd. 12 pages. 
15 cents. 


SEX EDUCATION FOR THE WOMAN 
AT MENOPAUSE 


By Carl J. Hartman. 12 pages. 
Set of 5 titles as above, 50 cents 


GETTING READY FOR MARRIED LIFE 
By Howard Dittrick. 29 pages. 20 cents. 


By Marjorie Bolles. 12 pages. 15 cents. 
SEX EDUCATION FOR THE ADO- 
LESCENT 


By George W. Corner and Carney 
Landis. 20 pages. 15 cents. 


HELP FOR CHILDLESS COUPLES 


Als THE FACTS ABOUT SEX 
Owe By By J. D. Wassersug. 6 pages. 15 cents. 


Audrey McKeever. To be read by 
parents or children. 16 pages. 15 cents. 
ANSWERS TO PRACTICAL QUESTIONS 

ON MENSTRUATION 
By Margaret Bell. 8 pages. 15 cents. 


Quantity prices 
quoted on request 


THE WORD YOU CAN'T SAY (MAS- 
TURBATION) 


By Hannah Lees. 8 pages. 15 cents. 


AMERICAN MEDICAL ASSOCIATION 
535 Nerth Dearborn Street 
Chicago 10, il. 
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Help put your safety program across by 
knowing the hazards in the air your workers 
breathe. Willson air sampling equipment is 
highly effective in detecting the amount of 
dusts or chlorinated hydrocarbon vapors in 
the air. This apparatus serves as a guide to 
the degree of hazard surrounding a particular 
job and indicates the extent of respiratory 
protection necessary to maintain better health 
and to reduce absenteeism. 


a 

Impinger Noaale 
\ Sampling Flask 
Flask Stopper-Large 


No3z3le Stopper-Smali 


Used by the U. S. Public Health Service, State 
and City Health Depts., Insurance Companies, 
Mines, Smelters and Manufacturing Plants for 
determining the quantity of dusts which may 
cause pulmonary fibrosis. Available with either 
electric or compressed air suction apparatus 
as illustrated. 7 


SEND FOR BULLETIN WITH COMPLETE INFORMATION 


For use by chemists or engineers in Depart- 
ments of Health, Industrial Hygiene, Insurance 
Companies, Chemical Industries, Degreasing 
Plants, etc., for the determination of the con- 
centration of chlorinated hydrocarbon vapors, 
such as trichloroethylene, chlorinated naph- 
thalenes, and chlorinated diphenyl in the air 


GOGGLES + RESPIRATORS + GAS MASKS + HELMETS 


DOUBLE 4 


PRODUCTS INCORPORATED 
READING, PA., U.S.A. Established 1870 


211 WASHINGTON STREET, READING, PA., U.S. A. 


7 
RESFcTION 
| 
j D 
IMPINGER DUST SAMPLING APPARATUS 


but awake 


In emotional and nervous disorders, 
Mebaral exerts its calming influence 
without excessive hypnotic action. 


Mebaral is also a reliable anticonvulsant. 


INDICATIONS: 


Because of its high degree of sedative 
effectiveness, Mebaral finds a great field 
of usefulness in the regulation of 
agitated, depressed or anxiety states, 

as well as in convulsive disturbances. 
Specific disorders in which the calming 
influence of Mebaral is indicated 

include neuroses, mild psychoses, nervous 
symptoms of the menopause, hyper- 
tension, hyperthyroidism and epilepsy. 


Tablets of: 
32 mg. (12 grain) 
bottles of 100. 
0.1 Gm. (1% grains) 
bottles of 100 and 500. 
0.2 Gm. (3 grains) 
bottles of 100 and 500. 


WINTHROP-STEARNS INC. New York 18, N.Y., Windsor, Ont. 


Mebaral, trademark reg. U.S. & Canada, brand of mephobarbital 
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